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Sustainable development has become a worldwide concern and a topical issue in 
Singapore. Singapore is a city-state with constrained natural resources. When Singapore 
transits to a more advanced stage, it has to be benchmarked against international 
sustainable standards and norms. This brings a challenge as well as opportunity to the 
public housing sector, as it dominates in the total building stock in Singapore (accounting 
for about 83.77 per cent of the total building units) and accommodates 82 per cent of 
Singaporeans. Public housing would therefore have great implications for Singapore’s 
sustainable development.  
 
In recent years, the significance of using building adaptation to deliver building 
sustainability has been acknowledged. However, a constrained financial budget compels 
policy decision makers with substantial public buildings to find solutions to the problems 
of which building needs adaptation, and which level of intervention the building should 
receive. A sound solution is to prioritise these buildings according to their adaptation 
potentials and select those with high needs to be adapted. When the adaptation potential 
for a given building is identified, the building demands a suitable remedial response, 
which is termed as building renewal action.  
 
This research aims to explore the decision making for determination of building 
adaptation potential (BAP) and building renewal action (BRA). The particular objectives 
include developing a framework for the calculation of building adaptation potential and 
establishing the quantitative relationship between the BAP and the BRA to advise 





these objectives. The data collection instrument is a structured questionnaire. 
Furthermore, data are collected using a face-to-face interview approach involving 49 
decision makers in the Singapore Housing and Development Board (HDB) and sixteen 
town councils (TC) of Singapore.  
 
The results show that the main driving forces of building adaptation are building 
deterioration and housing obsolescence, while its facilitator is sustainable requirements. 
In addition, the multi-attribute value technique (MAVT) is used to elicit the BAP value 
for specific buildings by multiplying the rating for each attribute by its importance weight 
and summing up the products over all the attributes. The findings indicate that occupants’ 
attitude, housing obsolescence, prospective impacts related to adaptation activities and 
building sustainability performance have a profound effect on BAP values. According to 
the BAP elicitation model, its value theoretically ranges from 0 to 219.55, where 0 means 
that a building has no desirability to be renewed and 219.55 implies that the building has 
the maximum desirability to be renewed. 
 
The decision making for determination of the BRA is explored as well. Three renewal 
actions including retaining, renovating and rebuilding (‘3R’) are proposed in this 
research, which represent three strategic levels of renewal actions that decision makers 
could consider when renewing a building. The finding implies that a renewal action with 
a maximum total preference value assigned by decision makers is the desirable option for 






Furthermore, the study of the boundaries for the three renewal actions based on the range 
of the BAP values is conducted. The BAP elicitation mechanism along with other inputs 
is incorporated into Monte Carlo simulation. The simulation generates a clear distribution 
of the three renewal actions, indicating that if the BAP value of a specific building is less 
than 140, the renewal action of ‘retaining’ will be desirable for the decision makers; 
conversely, if its BAP value is greater than 180, the action of ‘rebuilding’ will be a 
beneficial choice; if its BAP value is within the range of 140 to 180, the action of 
‘renovating’ should be considered. In other words, the boundary values for the ‘3R’ 
renewal actions are 140 and 180 respectively. These findings support the proposition that 
building adaptation potential influences the choice of building renewal actions. These 
results are validated by applying the BRA model to real-life cases in Singapore.  
 
This research makes contributions by proposing the BAP determination model and BRA 
model. Policy decision makers can utilise the BAP model to establish an inventory 
representing the adaptation potentials for existing public buildings under management. 
For a given financial budget, the next stage for them is to prepare a shortlist of the most 
appropriate buildings with greatest adaptation potentials. Furthermore, the BRA model 
extends the understanding of how strategic renewal actions can be chosen for the 
shortlisted buildings. Lessons learnt from this research would assist decision makers who 
manage substantial public buildings in other countries in finding solutions to the 
problems of buildings needing adaptation and the appropriate level of intervention.  
 
Keywords: Building adaptation, building adaptation potential, building renewal action,  
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CHAPTER 1: INTRODUCTION 
1.1 Background  
Sustainable development has become a worldwide concern (Bossel, 1999; Krajnc and 
Glavič, 2005), which requires resources to be preserved, the ecology to be protected, and 
a healthy living environment to be maintained  (Kibert, 1994). It is also a topical issue in 
Singapore. As a small city-state, Singapore has finite space (a land area of 712.4 sq. km) 
and limited natural resources, and heavily depends on imported energy and water. For 
instance, it imported 99.84% of energy (The World Bank, 2009) and 40% of water (Oon, 
2009) in 2009. As a major energy consumption and water consumption sector, public 
housing can play an important role in addressing Singapore’s sustainability issues. In 
response to the sustainability issues, the Singapore government has set up an Inter-
Ministerial Committee on Sustainable Development (IMCSD, 2009). The committee has 
published a “Sustainable Development Blueprint” in 2009 that contains targets and 
initiatives needed for Singapore’s sustainable development. These key targets include a 
35% improvement in energy efficiency from 2005 levels by 2030 and a waste recycling 
rate of 70% by 2030, reduction of domestic water use to 140 litres per person per day by 
2030 (IMCSD, 2009, pp.2, pp.14).  
 
Existing public housing can play a role in Singapore’s sustainable development, in 
particular for addressing the challenges associated with its environmental sustainability. 
First, public housing dominates in the total building stock of Singapore, accounting for 





Second, it accommodates about 82 per cent of the total population in Singapore (HDB, 
2010a). Third, as more than 95 per cent of public estates in Singapore are sold to 
residents on 99-year leases, they may have a long-term environmental, economic and 
social impacts (Yu, 2004).  
 
Its contribution may be attained through building adaptation, as the implications of 
building adaptation to environmental sustainability have been acknowledged (Langston et 
al., 2008; Wilkinson et al., 2009). Wilkinson et al. (2009) stated that building adaptation 
is inherently sustainable compared to new build work, as the former normally consumes 
less physical resources like water and energy, and causes less air pollution during 
construction.  
 
Although the Singapore public housing agency (better known as the Housing and 
Development Board (HDB)) has implemented a great number of adaptation programmes, 
the resource efficiency for existing residential buildings is relatively low compared to 
other international cities, e.g. Hong Kong. As Singapore transits to a more advanced 
developmental stage, it has to be increasingly benchmarked against international 
sustainable norms and standards. Compared to Hong Kong, Melbourne, and Rotterdam, 
for example, Singapore performs relatively poor in domestic water consumption per 
capita per day (see Table 1.1). In terms of domestic electricity consumption, Hong Kong 








Table 1.1: Water and electricity use, waste generated in Singapore and other cities
 
Indicators Singapore Hong Kong Melbourne Rotterdam 
Domestic water consumption     














6,300  - 
Total municipal waste   






    Sources: MEWR, 2011; The Victorian Government, 2011; Rotterdam Climate  
                  Initiative, 2011; Water Supplies Department, 2011; The World Bank,  
                  2010; 
 
DSE, 2007;  
 
It can be partially attributed to the fact that although these upgrading programmes have 
generated economic benefits and social benefits by providing such as better lift or 
electrical supplies, resource use profile and environmental impact profile were not 
adequately captured in current public housing adaptation decision making practice in 
Singapore. For example, one scope of the Home Improvement Programme (HIP) (shown 
in Table 2.4) is to replace refuse hopper but not to alter the municipal waste collection 
system that may encourage public housing occupants’ recycling behaviour. Since 
Singapore has constrained natural resources and limited carrying capacity like absorbing 
waste generated, understanding the resource use profile and environmental impact profile 
for the existing public housing becomes increasingly important.  
 
The fact that an increasing number of ageing public estates in Singapore are in constant 
need of adaptation to continuously fulfil their designed function (Yu, 2004) compounds 
the situation. These coupled effects place great pressure on the government as substantial 
financial expenditure is required for those buildings to be adapted. Decision makers in the 
Singapore public housing sector therefore become more keen to find scientific manners to 





buildings deserve, with the aim of enhancing the efficiency of limited financial resources 
and natural resources (Das et al., 2010; Rosenfeld and Shohet, 1999).  
1.2 Research Problem 
Given the complex nature of public housing adaptation management, the decision making 
requires sensitivity to issues like uncertainty, multiple objectives and conflicting values 
systems among stakeholders. In addition, to harvest the opportunity of delivering 
environmental sustainability via building adaptation, the need of taking account of 
environmental sustainability requirements in building adaptation decision-making would 
place additional stress on thinking and rationality (Sobotka and Wyatt, 1998; Wilkinson 
et al., 2009). To assist decision makers in thinking through this complex decision 
problem, “a quantitative framework is required to encourage consistency, the essence of 
rationality” (Watson and Buede, 1987, pp.18). Furthermore, the mass-scale public 
housing upgrading programmes propel policy decision makers to explore a more 
scientific way that is able to help them differentiate and choose appropriate building 
renewal actions, instead of making such decisions based on heuristic knowledge or ‘rules 
of thumb’ (HDB, 2007b; 2008).  
 
A quantitative decision support framework that is able to identify the adaptation potential 
for a given building and its corresponding renewal strategy therefore becomes imperative. 
It would alleviate the dilemma facing decision makers who often desire to find solutions 
to the problem of dwellings needing adaption and identify appropriate level of 
intervention they should implement (Rosenfeld and Shohet, 1999). The outcomes of the 





justifiable manner. On the one hand, that would help them mitigate the debates among 
different stakeholders over the decision results. On the other hand, it would facilitate the 
decision making process.  
1.3 Knowledge Gap 
The literature review (see chapter 3) reveals that previous research on building adaptation 
primarily focused on: (1) discussion of building adaptation definition; (2) investigation of 
reasons for carrying out building renewal projects; (3) classification of building renewal 
actions; (4) exploration of factors relevant to the determination of building adaptation 
potential; and (5) discussion of the choice of building renewal actions.  
 
From the literature review, several knowledge gaps that motivated this research were 
identified (refer to Section 3.6 for the detailed discussion):  
(1) Building adaptation research inadequately addressed the issue of how building 
occupants’ attitude would impact building adaptability (refer to: Low, 1996; Yu, 
2004). 
(2) Previous studies in this field have not sufficiently taken account of sustainability 
assessment criteria (e.g. energy consumption) in the computation of building 
adaptation potential (see: Kincaid, 2002; Wilkinson et al., 2009). 
(3) There was a scarcity literature on a systematically theoretical way that can assist 
decision makers in identifying building adaptation potential by revealing the impacts 
of occupants’ attitudes, housing obsolescence before adaptation, expected impacts 





urban planning policies on building adaptation potential (see: Kincaid, 2002; 
Langston et al., 2008; Lansley et al., 2005; Wilkinson et al., 2009). 
(4) In addition, the quantitative correlation between building adaptation potential and 
building renewal action has not been explicitly articulated and quantified (see: Dong, 
2002; Needleman, 1965; Sigsworth and Wilkinson, 1967; Trust and Mail, 2000). 
1.4 Research Aim and Objectives 
In order to address the above knowledge gaps and research problem, this research aims to 
explore the decision making for determination of building adaptation potential and 
building renewal action. By studying the main driving forces for building adaptation 
activities and investigating the impacts of occupants’ attitude, housing obsolescence 
before building adaptation, prospective impacts related to building adaptation, building 
sustainable performance before building adaptation, and urban planning policies on 
building adaptation potential, the following objectives are achieved:  
 To develop a framework for the computation of building adaptation potential; and 
 To establish the quantitative relationship between building adaptation potential and 
building renewal action. 
1.5 Research Hypotheses 
Based on the research problem identified (see Section 1.2), knowledge gaps (see Section 
1.3) and the literature review (see Chapter 3), the following major hypotheses were set 






Hypothesis 1—Building deterioration, housing obsolescence and building sustainability 
requirements are the main causes of building adaptation. 
Hypothesis 2—Building Adaptation Potential (BAP) is determined by occupants’ 
attitude (utility and risk preference) before adaptation, housing obsolescence, prospective 
impacts (positive and negative) associated with adaptation, building sustainability 
performance and urban planning policies. 
Hypothesis 3—Building adaptation potential should influence the choice of building 
renewal actions. 
1.6 Definition of Terms  
Several key terms are introduced in this study. They include building adaptation, building 
adaptation potential, housing obsolescence, building renewal action, retaining, renovating, 
rebuilding and ‘3 R’ building renewal action. The definitions of these terms now follow.   
Building adaptation refers to “any intervention to adjust, reuse or upgrade a building to 
suit new conditions or requirements” (Douglas, 2006, p. 1).  
 
Building adaptation potential (BAP) is defined as an indicator that shows the extent to 
which a building ought to be renewed. This term was evolved from the concept of 
adaptive reuse potential (ARP) coined by Langston et al. (2008), whose focus was only 
on the discussion of reusing existing facilities but not on the discussion of building 






Housing obsolescence is “the degree of uselessness of a building relative to the 
conditions prevailing in the population of similar building stock as a whole” (Nutt et al., 
1976, p.9). 
 
In the field of physical planning and housing policy, urban renewal is defined as “the 
complex of building activities aimed at restoring the decayed and obsoleted physical 
urban elements and thereby making them functionally sound again according to the 
standards of the time” (Buissink, 1985, p.56). By reference to this definition, building 
renewal action (BRA) is defined as the strategic remedial action or response to housing 
obsolescence, building deterioration and sustainability requirements. It entails various 
levels of intervention ranging from retaining to redevelopment.  
 
In order to choose appropriate renewal actions for specific buildings, a three-stage 
approach is employed, by following the proposition of Douglas (2006) that the overall 
building renewal actions could be grouped into three strategic categories according to the 
scales of changes (i.e. small, substantial and drastic): 1) low scale of change refers to 
minor repair of a building; 2) substantial scale of change could mean major repair of a 
building; and 3) drastic scale of change refers to reconstruction of a new building. Thus, 
each stage corresponds to a desirable renewal action, and the boundaries of these stages 
are determined by progressive adaptation thresholds (Pauker and Kassirer, 1980). 
 
For ease of communication of the research findings, the three-stage approach is rephrased 
with a metaphorical term ‘3R’: ‘Retaining’ (minor repair) (HDB, 2009a), ‘Renovating’ 





(demolition and redevelopment) (Rosenfeld and Shohet, 1999). It is noted, however, that 
both retaining and renovating have the meaning of maintaining a building in particular 
conditions though the thresholds for launching them differ. Therefore, the term of ‘3 R’ 
building renewal action was proposed in this research, which means that building renewal 
alternatives in this study comprise the options of “Retaining, Renovating and Rebuilding” 
(‘3 R’ BRA). 
1.7 Scope of Research  
This study focuses on the context of existing public residential buildings in Singapore for 
several reasons. First, public housing dominates the public housing stock of Singapore, 
representing about 83 per cent of the total building units. Second, existing public 
residential buildings house about 82 per cent of residents in Singapore (HDB, 2010a). 
Third, public residential housing has a long operation time and thus has long-life 
economic, environmental and social impacts (Yu, 2004). Lastly, the massive scale of 
upgrading programmes plays an important role in deterring building deterioration and 
housing obsolescence but imposes considerable financial pressure on the government.   
 
In this research, the data will be collected from the source documents of public residential 
housing renewal projects completed in Singapore. These include routine Repair and 
Repainting Programme (R&R) and rewiring conducted by the respective town councils. 
They also comprise the Major Upgrading Programme, Interim Upgrading Programme 
(IUP), IUP Plus, Lift Upgrading Programme (LUP), Selective En-bloc Redevelopment 
Scheme (SERS), Home Improvement Programme (HIP) and Neighbourhood Renewable 





HDB and town councils who have experienced these renewal projects. Furthermore, 
factors such as economic and sociological are beyond the scope of this research in order 
to narrow the focus of the study (refer to section 11.4 for detailed explanation). 
1.8 Research Significance and Contribution 
The contribution of this research is two-fold. Theoretically, this research applied 
occupants’ utility, occupants’ risk attitude, housing obsolescence, prospective impacts, 
sustainable development and urban planning policies into the computation of building 
adaptation potential. Furthermore, the presented research defines the boundary values for 
the three building renewal actions based on the range of building adaptation potential. 
 
Empirically, this research proposes a new framework (HOUSE model) to compute the 
adaptation potential for buildings and also presents a new approach (‘3R’ BRA model) to 
determine strategic building renewal actions for buildings. It provides decision makers 
with a quantitative support tool that enables them to identify adaptation potential for 
these buildings and to determine strategically suitable renewal actions. First, this will 
reduce their thought processes and assist them in making such decisions in a consistent 
and defensible manner. Second, it would help them resolve conflicts among different 
stakeholders and reach more consensus-oriented decisions. Third, it would facilitate the 
decision making process and improve the decision making efficiency (with less time and 
effort). Fourth, this would encourage decision makers to undertake actions to increase the 
























 In order to achieve the research objectives stated in Section 1.4, a survey method was 
used  in this research, because it is efficient to acquire decision makers’ attitudes towards 
the impacts of attributes on building adaptation potential (Royse, 2008). It also offers a 
rather efficient and quick method of obtaining information from the population (Tan, 







(Chapter 2 and 3) 
Generation of research 
hypotheses and conceptual 
framework (Chapter 4) 
 
 Design of survey questionnaire  
(Chapter 5 and 6) 
First phase of field study 
Pilot study to acquire feedback  
on the questionnaire  
(Found in Section 5.4.3) 
Refinement of hypotheses and 
revision of questionnaire 
(Found in Section 1.5 and Chapter 4) 
Second phase of field study 
Personal interview with structured questionnaire; data processing 
and analysis 
(Chapter 7, 8, 9, and 10) 
 
Construction of Decision Models for Determining Building 
Adaptation Potential (BAP) and Establishing the Relationship 
between BAP and Building renewal action (BRA) 
(Found in Section 9.3 and Section 10.2, 10.3) 
Conclusions and recommendations (Chapter 11) 
Accepted hypotheses  
Attributes rejected 
(Found in Section 
9.2.3.2 and 9.2.3.4) 
Third phase of field work 
Validation of the models 
 (Found in Section 9.4, 9.5, 9.6, 9.7 and Section 10.4, 10.5, 10.6, 10.7 ) 





(2) personal interview with structured questionnaire and data processing as well as data 
analysis;  and (3) validation of the models. The overall research method is depicted in 
Figure 1.1.  
1.10 Structure of the Thesis 
This thesis comprises eleven chapters: 
Chapter 1 is the introduction of the thesis. This chapter introduces the background, 
research problem, knowledge gap, research aim and objectives, research hypotheses, 
definition of terms, research scope, research method and the structure of the thesis. 
 
Chapter 2 presents a review of the work of the HDB on public housing both in terms of 
new housing and adaptation, comprising the numbers, the rationale, and the decision 
making processes. In addition, a short coverage of key features of the public housing 
adaptation in Hong Kong and several major developed countries is discussed to provide a 
comparison. 
 
Chapter 3 is designed to review the body of knowledge on building adaptation, including 
the causes of building adaptation, qualitative classification of building renewal actions, 
the discussion of factors affecting building adaptation potential, and the choice of 
building renewal actions. 
 
Chapter 4 describes the conceptual framework for this study, develops the main research 





adaptation potential for existing buildings and identifying the relationship between 
building adaptation potential (BAP) and building renewal action (BRA). 
 
Chapter 5 concentrates on the research methodology for determination of the BAP, 
including research design, data collection methods, data analysis methods, the BAP 
model construction method and validation approach. 
 
In Chapter 6, the research methodology for the decision of the BRA is described. It 
discusses the data collection approach, which leads to the establishment of an Action-
Attribute database. Thereafter, the rationale that helps decision makers select appropriate 
building renewal actions is provided. Furthermore, the method used for validating the 
BRA model is elaborated.  
 
Chapter 7 outlines the analysis of the characteristics of interviewees, including the nature 
of interviewees’ organisations, their designation, and experience. It also provides the 
preliminary results of data processing. Additionally, the reliability of the interview results 
and the comments obtained from interviewees are revealed.  
 
Chapter 8 shows the empirical results of driving forces of building renewal projects. It 
reveals the main driving forces and facilitators. In addition, it also describes other causes 
of carrying out building adaptation activities.  
 
Chapter 9 focuses on the discussion of the survey results for the determination of the 
BAP. First, it conducts statistical analyses of each hypothesis. Moreover, it presents the 





factors. Second, the HOUSE model is applied to three real public buildings with 577 
units in Singapore. Third, it is validated by inviting five new sets of professionals who 
have not participated in the first and second phases of the survey to comment on it and 
perform comparison between the outcomes generated by their own measurement and the 
HOUSE model.  
 
Chapter 10 presents the survey results of the decision of the BRA. First, it focuses on the 
discussion of the preference values for the three renewal actions. Second, it establishes 
the Action-Attribute Database. Third, the Monte Carlo Simulation results are reported to 
explain the relationship between the BAP and the BRA based on the boundary values for 
the three renewal actions. Fourth, the ‘3R’ BRA model is applied to a real public 
residential building with 200 building units in Singapore. Finally, the professionals who 
are invited to validate the HOUSE model are also asked to provide comments on the 
BRA model and implement comparison of renewal actions suggested by their own 
measurement and the ‘3R’ BRA model.  
 
Chapter 11 presents a summary of the key findings, the practical and theoretical 
contributions of this research. Furthermore, the limitations are acknowledged and 







CHAPTER 2: PUBLIC HOUSING AND ITS RENEWAL IN 
SINGAPORE 
2.1 Introduction  
A review pertinent to the work of the HDB both on new housing and adaptation is 
conducted. In particular, a close examination of the numbers, the rationale, and the 
decision making practice of public housing upgrading programmes in Singapore is 
undertaken. Furthermore, a short coverage of key aspects of the public housing 
adaptation in Hong Kong and several major developed countries is given to provide a 
comparison, which may put this study in a wider international context. 
2.2 Public Housing in Singapore 
Public housing accommodates 82 per cent of Singaporeans, and about 95 per cent of 
these housing units are owner-occupied on 99-year leases (HDB, 2010a; Yu, 2004). 
Nevertheless, when Singapore first gained its national independence from Malaysia, it 
encountered an acute problem of housing shortage for the population, mainly the result of 
a rapid population increase powered by migration from neighbouring countries like 
Malaysia (Yeung and Drakakis-Smith, 1974). The Singapore government therefore 
established the Housing and Development Board (HDB) in 1960 with the primary intent 
of providing basic shelter to the poor. Furthermore, it launched the Home Ownership 
Scheme in 1964 to seek the goal of ‘a roof over every head’, which was rooted in the 
philosophy that “if one owns an asset in the country, one would stand to defend it” 





shelter to the poor to providing affordable homes for both the lower-income and middle-
income groups (Wong and Yeh, 1985).  
 
Consumers purchase housing units from the HDB at subsidised rates and can resell them 
to buyers of their own choice at market prices after a minimum period of occupation; 
currently, the minimum period of occupation is 5 years (Lum et al., 2004). If the period 
of their ownership is less than 5 years, they have to sell their flats back to the HDB at the 
original purchasing price plus the depreciated cost of improvement (Wong and Yeh, 
1985). The stringent resale policy is to ensure that the right is not abused and encourage 
the preservation of the community (Sim et al., 2003; Wong and Yeh, 1985).  
2.2.1 Public housing agencies 
The HDB was established on 1 February 1960 as a statutory board under the portfolio of 
the Ministry for Law and National Development and within a purview of the Ministry of 
National Development (MND) (Field, 1987) since 1975, with extensive duties embracing 
land assembly; planning and design of estates; construction of public flats and related 
facilities; sale or rental of public units along with the provision of mortgages; 
preservation of the resulting estates; and research into social and technical issues to 
housing (Ofori, 1989).   
 
The HDB has 19 branch offices strategically located in each new town to deal with lease 
and tenancy matters for its residential, commercial and industrial properties. In addition, 
according to the Town Councils Act legislated in 1988, from 1989 onwards, the 





while the HDB continued to remain as the town councils’ management agent in 
managing and maintaining a small portion of estates (Joo and Wong, 2008). The primary 
functions of town councils are to “control, manage, maintain and improve the common 
areas” of HDB estates and to “keep them in good repair and clean condition” (Lim, 1998, 
p.5-6). In 2010, there were 16 town councils with various numbers of HDB estates under 
management, including Holland-Bukit Panjang TC, Hong Kah TC, Sembawang TC, 
Jalan Besar TC, Tampines TC, East Coast TC, West Coast TC, Pasir Ris-Punggol TC, 
Bishan-Toa Payoh TC, Tanjong Pagar TC, Jurong TC, Potong Pasir TC, Ang Mo Kio 
TC, Marine Parade TC, Aljunied TC and Hougang TC. 
2.2.2 New housing development  
The HDB has undertaken a mass new housing programme since its establishment in 
1960. Approximately one million public housing units have been completed and supplied 
to eligible households in Singapore (Table 2.1). The HDB has supplied steady numbers 
of public building units through its various five-year plans, from 53,777 units in the first-
year plan to 63,448 units in the second, 110, 362 units in the third, 130, 981 units in the 
fourth, and 189, 299 units in the fifth, which indicated a steadily increasing demand for 
public housing in the first 25 years development of the HDB.  
 
Ofori (1989) attributed the successful mass new housing programme to several factors 
(p.146): a firm government commitment; the creation of a central agency; the key role 
accorded to housing in national economic planning and management; approach to the 
formulation and implementation of appropriate policies; and resource management to 





Table 2.1: Public housing units constructed since 1960 
Period Dwelling units Cumulative units 
1960-1965 53,777  
1966-1970 63,448 117,225 
1971-1975 110,362 227,587 
1976-1980 130,981 358,568 
1981-1985 189,299 547,867 
1986-1990 119,708 667,575 
1991-1995 98,994 766,569 
1996-2000 157,919 924,488 
2001-2005 55,135 979,623 
2006-2010 26,319 1,005,942 
                      Source: HDB (2011a) 
Furthermore, HDB’s housing programme has evolved over the past five decades to tackle 
various challenges of enhancing home ownership through creating thriving, cohesive and 
vibrant communities and creating sustainable towns (HDB, 2011b; Sim et al., 2003). Its 
housing development programmes could be divided into five main stages (Wong and 
Yap, 2003):  
 Stage 1 (1960-1964) 
This stage marked the supply of low-cost and rental housing as an immediate response to 
the housing shortage crisis. The primary motive of this stage was to alleviate the 
immediate housing shortage by sacrificing quality and other standards. Thus, one-, two- 
and three-room self-contained emergency and standard rental flats were built primarily 
within a five miles radius of the city centre.   
 Stage 2  (1965-1969) 
Introduced in 1964, the Home Ownership Scheme took off in 1968 because public home 
owners were allowed to use their Central Provident Fund savings for the 20 per cent 






 Stage 3  (1970-1979) 
The third stage is characterised by the commercialisation of public housing. It witnessed 
the beginning of the HDB as a self-financing statutory board under the MND. In addition, 
at this stage the HDB discouraged the supply of the rental of its flats and gradually 
shifted from the supply of smaller units of 2-and 3-room units in the 1960s to 4-and 5-
room units in the 1970s.  
 Stage 4  (1980-1985) 
At this stage, public housing served as a social engineering and instrument of economic 
policy. Public housing policy was a key factor that helped Singapore become one of the 
Four Asian Tigers.  
 Stage 5  (from the late 1989s and onward)  
This stage is marked by a large scale of public housing upgrading programmes. 
Upgrading of the built estates has turned itself into a public concern of Singaporeans who 
expected physical improvements of their residential environment.  
2.2.3 Public housing upgrading 
As discussed above, at the beginning of HDB development, the primary priority for the 
HDB was to provide as many public housing units as possible within a short life span. 
However, scant attention was paid to housing quality; public housing estates were only 
equipped with basic necessities. It was only in the 1970s that the HDB started building 
more public housing estates with better quality. It continued to improve in line with the 
economic growth and increased housing affordability through the late 1970s and 1980s, 
but this led to a widened gap between the old and new HDB flats (Lum et al., 2004). 





attractive to the young generation for two reasons. First, the living standard in Singapore 
continues to be enhanced (Low, 1996). Second, public housing built in the 1960s and 
1970s was to shelter the population, but not to provide them with highly structured and 
systematic buildings (Ho et al., 2009). To quell occupants’ dissatisfaction, policy makers 
responded with upgrading efforts which gave rise to the launch of the Major Upgrading 
Programme (MUP) in 1989 (Teo and Kong, 1997).   
 
The MUP was followed by other types of upgrading programmes, such as Interim 
Upgrading Programme (IUP), IUP Plus, Lift  Upgrading Programme (LUP), Selective 
En-bloc Redevelopment Scheme (SERS), Home Improvement Programme (HIP), and 
Neighbourhood Renewable Programme (NRP). All these programmes and scheme are 
under the portfolio of the Singapore public housing Estate Renewal Strategy (ERS) (HDB, 
2009b). The rationale of the ERS is to develop more efficient and integrated towns and 
upgrade its mature estates to maximise land use and yield. The ERS adopted a more 
holistic approach, with master plans mapping out the directions and programmes for 
renewal of the older estates (Sin, 1999). More importantly, a upgrading  programme will 
only be implemented if at least 75 per cent of the eligible flat home-occupiers vote for it 
(Low, 1996).  
2.3 Public Housing Renewal in Singapore 
2.3.1 Number of various renewal programmes 
It is significant that mature estates are constantly renewed to stop them from becoming 





some of the structural defects largely the result of rapid construction) not only maintain 
an acceptable standard of living conditions for HDB’s occupants but also deter 
progressively physical deterioration. Otherwise, these estates will become unsuitable 
places to stay in (Ng, 1988). The studies of Lum et al. (2004) and Ho et al. (2009) 
revealed that public housing upgrading programmes in Singapore not only improve the 
quality of life for a vast majority of Singaporeans but also achieve their objectives of 
value enhancement. 
 
The objectives of HDB’s upgrading programmes include (a) lessening the disparity 
between the old and new HDB flats; (b) instilling a sense of pride and belonging in the 
residents; and (3) retaining younger residents in ageing HDB towns (Tay, 1991). As a 
result, a number of precincts have undergone various upgrading programmes. The total 
number of precincts for each programme is provided in Table 2.2.  
Table 2.2: The number of precincts for each renewal programme under the ERS 
Type of programme FY2009/2010 
(31 March 2010) 
Main Upgrading Programme (MUP) 
Total number of precincts announced since 1989 
Completed 





Interim Upgrading Programme (IUP) 
Total number of precincts (units) announced/completed under 
Interim Upgrading Programme 
 
190 (156, 443) 
Lift Upgrading Programme (LUP) 
Total number of precincts announced under Lift Upgrading 
Programme since 2001 
Completed 












Home Improvement Programme (HIP) 







Neighbourhood Renewal Programme (NRP) 
Total number of precincts announced  
 
43 projects  
Selective En bloc Redevelopment Schemes (SERS) 















   Source: HDB (2010a) 
   Note: A precinct is a grouping comprising 5 to 8 blocks of housing within a wider  
            neighbourhood called a new town or an estate (Lum et al., 2004).  
2.3.2 Rationale for renewal programme 
Upgrading works in the Singapore public housing sector are carried out at three levels: 
precinct level, block level and flat level (Sin, 1999). First, the choice of precincts for 
renewal works is based on the following criteria (Sin, 1999): 
 Blocks are the oldest in the estate, functional in design, but environmentally poor and 
lack outdoor facilities; 
 Blocks are with a majority of 3-room flats; 
 Blocks can be physically grouped to form a contiguous precinct; 
 There is a good geographical spread of precincts across the various public housing 
estates;  
 The level of cleanliness of the precincts is relatively high; and  
 All else equal, priority is considered based on the degree of support in the 
constituency for the upgrading programme. 
Second, the selection of blocks for upgrading is based on the criteria listed in Table 2.3. 
These criteria mainly capture building profile, such as building age, and occupants’ 





for the MUP must be at least 18 years old as at December 1993. The upgrading works 
include providing communal amenities for selected precincts and space-expanding 
features within individual flats (Lum et al., 2004). The work scopes for other types of 
renewal programmes are provided in Table 2.4.  
Table 2.3: Building adaptation criteria by the HDB 
1 Occupants’ satisfaction with current building conditions  
(obtained from occupants’ feedback) 
2 Building age (e.g. for HIP, at least 20-25 years old) 
3 Building conditions, i.e. toilet, structural cracks, etc. 
4 Least inconvenience to the residents  
5 Least disruption time  
6 Adaptation cost  
7 Economic, physical, and technological obsolescence 
   Sources: HDB (2007a; 2008); interview results from two HDB property managers 
 
Table 2.4: The focus areas and scopes of housing renewal programmes 
Programme Focus areas Scope 
MUP 18years and older as at 
December 1993 
Better lifts, new water, sewage pile and 





Built in 1986 or before  
Upgrading the interior of flats 
 
Replacement of waste pipes, pipe sockets, 
entrance door, entrance grille gate and 
refuse hopper; repair of spalling concrete 
and structural cracks; and upgrading of 
electrical supply and toilets  
 
IUP 
Between 10 and 17 years as at 
December 1993; upgrading the 
block and common areas 
within the precinct 
 
Better lifts, new water, sewage pile and 
the toilet facility 
 
LUP HDB blocks built before 1990 Direct lift access for all flats  
IUP Plus Combination of two programmes: Interim Upgrading Programme (IUP) and 




Built in 1989 or before; 
letterboxes, residents’ corners, 
senior citizens’ corners, new 
tables and seats; 
Drop-off porch, covered link-ways, 
playground, footpaths, fitness corner, 
jogging track, barbecue pits, skating park, 




Old block with high 
redevelopment potential; 
Whole block 
Building new flats; demolishing old flats 
and rebuilding new block 





2.3.3 Decision making processes 
A precinct is selected by the HDB for upgrading by taking into account the above-
mentioned criteria. This decision is often followed by the establishment of a working 
committee in the precinct to determine the upgrading items which occupants desire to 
have (Low, 1996). The advisor to the grassroots organisations is in charge of the precinct 
working committee which works closely with the HDB. The working committee serves 
as a coordinating body, especially at the pre-polling stage. It has representatives from the 
various grassroots organisations like the Citizens’ Consultative Committee (CCC), 
Residents’ Committee (RC), Town Councils, HDB and the design consultants. The task 
of this committee is to obtain maximum residents’ support and commitment for 
upgrading programme. The overall organisation for public housing renewal programme 
decision making during the pre-polling stage is given in Figure 2.1. 
 
The town councils and the grassroots organisations play a crucial role in the renewal 
programme. They assist in identifying the improvement items for the precinct. They do 
this by gathering residents’ feedback through surveys, door-to-door visit or informal 
discussions and dialogues. They are also involved in suggesting the package of 
























2.4 Public Housing Renewal in Other Countries 
This section will discuss the public housing new development and renewal activities in 
Hong Kong and several major developed countries, such as the Netherlands, France, 
United Kingdom, United States, Germany and Denmark. The objectives are to (i) place 
this study in an international public housing context; (ii) identify valuable practices with 
respect to public housing renewal in these countries (or regions) and (iii) identify the 
potential implications of the research deliverables to other countries facing similar 
problems in managing public housing stock. 
Pre-polling Stage 
Advisor to Grassroots 
of Precinct (Chairman) 
 




(private or HDB) 
 To gather feedback 
from residents on the 
upgrading package 
preferred  
 To explain the 
benefits of upgrading 
works to residents and 
help gain acceptance 
 To provide 
administrative and 
secretariat support 
(head of branch office 
as secretary) 
 To provide print 
materials required by 
working committee 
 To assist in 
surveys/feedback 
sessions and answer 
queries 
 To carry out polling 
exercise for the precinct 
 To design upgrading 
package within budget  
 To provide 
professional input for 
improvement items 
and explain at 
meetings with 
residents 
Figure 2.1: The organisation for renewal programme decision-making 






2.4.1 Public housing in Hong Kong  
The public housing new development and renewal practices in Hong Kong were 
reviewed mainly because Singapore and Hong Kong are leaders in Asia who found 
effective public housing solutions to their housing problems (Yeung and Drakakis-Smith, 
1974). For instance, public housing accommodates a large number of residents in both 
cities (3.7 million in Singapore and 2.06 million in Hong Kong respectively) (Fung, 2006; 
HDB, 2010a). In addition, they are small cities with constrained land resources. 
Therefore, under many cases, their experience in public housing new development and 
renewal is unique.  
2.4.1.1 Public housing programme in Hong Kong 
In spite of the similarities Singapore and Hong Kong share, Hong Kong utilised different 
public housing policies and practices from Singapore (Yeung and Drakakis-Smith, 1974). 
For example, the Hong Kong government’s public housing polices follow two major 
principles (The Information Services Department, 2010). First, the primary concern of the 
Government’s subsidised public housing policy is to aid low-income households who 
cannot afford private rental housing through the provision of public rental housing. 
Second, its fundamental role focuses on land supply and public rental assistance (Fung, 
2006).  
 
Since its establishment, the Hong Kong Housing Authority (HA) operated on a 
commercial basis and was responsible for its own finance. It has built about 742,500 





per cent of the total population) in Hong Kong (The Information Services Department, 
2010), indicated in Table 2.5.  
Table 2.5: Facts and figures in Hong Kong’s public housing programme 
No. Item Figure 
1 Total number of public housing units (flats) 742,500 
2 Total number of residents 2.06 million 
3 Number of applicants in waiting list 133,800 
4 Average waiting time 3 years 
5 Minimum allocation standard 5.5 square metre/person 
          Source: Fung (2006) and the Information Services Department (2010) 
2.4.1.2 Public housing renewal in Hong Kong  
In order to rejuvenate public housing estates in Hong Kong, the Hong Kong Housing 
Authority (HA) has undertaken a set of renewal programmes that comply with the 
following procedures. Firstly, the Housing Department (HD) under the HA would consult 
the Estate Management Advisory Committees in assessing and formulating the 
improvement plans. Secondly, it will collect the occupants’ views through telephone and 
questionnaire surveys. Thirdly, the HD will take into account the features of each estate 
and accordingly devise appropriate themes for the upgrading works to be performed. For 
example, the themes of “Barrier-free, green and energetic” are chosen for Choi Hung 
Estate in which upgrading works comprise the instalment of additional lifts and adding 
more landscape facilities and outdoor fitness venues (Transport and Housing Bureau, 
2007). 
 
The renewal programmes launched by the HA include the Comprehensive Structural 
Investigation Programme, Estate Improvement Programme, Total Maintenance Scheme, 





Programme, Re-wiring and Electrical Reinforcement, Enhancement of Security System, 
and Barrier-free Access Improvement Programme (Transport and Housing Bureau, 2007). 
The focuses and scopes of each programme are provided in Table 2.6.  
Table 2.6: The focus and scope of housing improvement programmes in Hong Kong 
No. Programme Focus and Scope 
1 Comprehensive Structural 
Investigation Programme 
(since 2005) 
40 years old or above; Investigation of the structure 
of the estates  
2 Estate Improvement 
Programme  
Estates which can be sustained for at least 15 more 
years in a cost-effective manner 
3 Total Maintenance Scheme 
(since 2006) 
Repairing and renovating facilities of all public 
housing flats over a period of five years 
4 Replumbing Programme Improvement of water plumbing to all public 
housing estates 
5 Condensation Drain Pipe 
Programme (since 2006) 
Instalment of condensation drain pipes for air-
conditioners when the Hong Kong Housing 
Department (HD) implementing redecoration works 
6 Lift Upgrading Programme 
(since 1990) 
Estates without lift services  
7 Re-wiring and Electrical 
Reinforcement 
Built in or before 1985; Electricity supply system 
8 Enhancement of Security 
System 
Replacement of the black-and-white display screens 
of the closed circuit television systems with high-
definition digital colour systems 
9 Barrier-free Access 
Improvement Programme 
(since 2006) 
Instalment of additional ramps, handrails, voice 
synthesisers in lift cars and Braille on lift panels in 
all public housing estates 
Source: Transport and Housing Bureau (2007) 
2.4.1.3 Comparison of public housing renewal in Singapore and Hong Kong 
Although Singapore and Hong Kong are two representatively successful models in public 
housing development in Asia, public housing adaptation practices in Singapore differ 
from Hong Kong. First, the adaptation programmes in Singapore are jointly governed by 
the HDB and the respective town councils. Specifically, the HDB is responsible for large-





responsible for maintenance of common areas of public housing, including “the common 
corridors, void decks, lifts, water tanks, external lighting and the open spaces surrounding 
the estates” (HDB, 2012). By contrast, the adaptation programmes in Hong Kong are 
only governed by the Hong Kong Housing Authority. Therefore, the decision making of 
building adaptation in Singapore is more complicated than that in Hong Kong as 
negotiation and coordination between the HDB and the respective town councils are 
inevitable.   
 
Second, building renewal projects in Singapore focused on the upgrading of owner-
occupiers’ public housing estates while in Hong Kong the emphasis was put on the rental 
housing. In the former case, building occupiers have the right to decide whether they 
should vote for the implementation of any upgrading projects although the government 
heavily subsidises many upgrading programmes. As described in Section 2.2.3, an 
upgrading programme will only be executed if at least 75 per cent of eligible residents 
want it (Low, 1996). In the latter case, building occupants may have a lower impact on 
the decision of building renewal projects as the adaptation cost is fully borne by the 
government.   
 
Third, as stated in Section 2.3.1, two major purposes of HDB’s adaptation programmes 
are to cultivate a sense of pride and belonging in the residents and attract younger 
residents to stay in mature HDB towns (Tay, 1991). These two objectives are not among 
the Hong Kong HA’s decision making agenda because its priorities include mitigating the 






Although Singapore and Hong Kong differs from each other in the management of public 
housing, policy decision makers in the Singapore and Hong Kong public housing sectors 
encounter a similar problem of lacking a scientific tool that is able to help them select 
proper buildings for adaptation and determine suitable remedial responses for these 
buildings (Rosenfeld and Shohet, 1999).   
2.4.2 Public housing in several major developed countries  
This section is designed to review the public housing sector and housing renewal 
activities in several major developed countries like the Netherlands, France, United 
Kingdom, Germany, United States and Denmark. One reason is that both Singapore and 
these countries belong to the developed world and they have a large and well-defined 
public housing sector (Donkelaar, 2007; Whitehead and Scanlon, 2007). In addition, the 
role of building adaptation in arresting housing obsolescence and building deterioration 
in these countries has been greatly emphasised (Dong, 2002). 
2.4.2.1 Public housing sector in these countries 
Public housing in these countries usually refers to “accommodation for lower income 
groups including recently privatised housing stock as well as accommodation for 
vulnerable social groups” (Donkelaar, 2007, p.6). The reports prepared by Donkelaar 
(2007) and Whitehead and Scanlon (2007) respectively reveal that the public housing 
sector is a significant part of the total building stock in the Netherlands, France, 
Germany, Denmark and United Kingdom (see Table 2.7). Although not always defined 
by law, it is relatively simple to separate the public housing sector from the private 





Table 2.7: Public housing sector in several major developed countries 
Country No. of public 
housing units 








units) and single-family 
houses (1,233,000 units) 





(17% of the total 
building stock) 
Flats  About 64% owned by 
housing associations and 




(6% of the total 
building stock) 
Estates of more 
than 5000 units 






(21.35% of the 
total building 
stock) 
Apartment blocks and 
terraced semi-detached 
houses 




4 million  
(19% of the total 




Houses and bungalows 
50% of them owned by 
local authorities (e.g. large 
management organizations) 




2 million units 




Public and not-for-profit 
entities as well as profit-
making companies and 
individuals 
Sources: Donkelaar (2007); Jones and Kaluarachchi (2009); Whitehead and Scanlon  
              (2007). 
 
The Netherlands leads the European continent with the highest percentage of public 
housing (35%) while France leads Europe with the largest number of public housing units 
(about 4.23 million as of July 2007) (Whitehead and Scanlon, 2007). Housing 
cooperatives and municipalities in the Netherlands, Germany, and Denmark own the 
entire public housing units. In particular, about 700 housing cooperatives in the 
Netherlands are practically the only owners while in Denmark and Germany, both 






In the United Kingdom, public housing is an important portion of the housing stock, 
representing approximately 19% of the total building stock. Public housing includes local 
authority public housing and non-profit housing association dwellings, providing 
accommodations to more than 4 million low-income households (Stone, 2003). Some 
50% of the public housing units are owned and managed by local authorities such as 
large management organizations and the remaining by registered social landlords. By 
contrast, publicly subsidised housing accounts for about 5% of the total housing stock in 
the United States. Most of public housing units are not truly public (owned by the public 
or not-for-profit entities). Rather, “over half of all subsidised housing in the US is owned 
by profit-making companies and individuals who receive various types of public 
subsidies that reduce rents for residents while assuring profits for investors” (Stone, 2003, 
p.5).  
 
It was worth noting that the percentage of public housing units with sole public 
ownership in these countries has declined over the last decade mainly because an 
increased number of public housing units have been privatised or demolished (Whitehead 
and Scanlon, 2007). Furthermore, varying forms of public-private partnerships in the 
provision of public housing units are becoming more important (Whitehead and Scanlon, 
2007). 
2.4.2.2 Public housing renewal in these countries 
These countries have recognised the need for better maintenance, improvement, 





sustainable (Whitehead and Scanlon, 2007). In particular, the main drivers for public 
housing renewal in these countries include (Donkelaar, 2007): 
(1) Rapidly increasing prices of the main energy carriers making public housing renewal 
projects more economically feasible; 
(2) The aging and deteriorating housing stock; 
(3) Extending the useful life of the existing housing stock;  
(4) Increasing the energy efficiency through building renewal; 
(5) Increasing rent of rental housing and real estate value of owner-occupied dwellings. 
 
It was noted that different countries have adopted different practices in the renewal of 
their public housing stock. In the Netherlands, for instance, housing cooperatives can 
make the decisions of investing in building adaptation without the approval of any public 
authority. Building renewal projects are regulated based on whether they are small, large 
and district scale refurbishments. Small changes within dwellings or small expansions 
can be undertaken without a building permit. For larger scale building adaptation, a 
building permit is required (Donkelaar, 2007). 
 
In Denmark, however, the social housing committees or individual occupants within the 
public housing department often initiate renewal projects for existing public housing. In 
most of the public buildings, the occupants appoint representatives to a local public 
housing committee of their housing to monitor their interests. If rent increase owed to 
building adaptation is greater than 15%, an election for all occupants is compulsory and 






In the United Kingdom, for example, the decision on whether to renew a public building 
is based on a number of factors comprising “desired housing mix, density, suitability of 
plan form, and state of repair” (Jones and Kaluarachchi, 2009, p.2).  
2.4.2.3 Comparison of public housing renewal in Singapore and in these countries 
Compared to the public housing adaptation in Singapore, a set of barriers to building 
adaptation in these countries were observed (Donkelaar, 2007). First, public housing 
owned by various organisations including the public and the private in these countries 
causes the adaptation of these buildings complicated and time-consuming (Oxley, 2000). 
The reason is that the interests of multiple owners differ and thus it is hard to undertake 
collective renewal actions. In addition, there is a trend that the decision of adapting public 
housing stock in these countries has been transferred from the central level to local levels, 
which makes it difficult to implement a national housing renewal strategy for the overall 
public housing stock.  
 
In Singapore, by contrast, the government can execute a national estate renewal strategy 
so as to improve the overall qualities of its public housing stock as it is a state country. 
More importantly, public housing units in Singapore are only managed by the public 
housing agencies that are governed by the Singapore government. As a result, it tends to 
be relatively easy to take collective renewal actions in addressing building deterioration 
or housing obsolescence.  
 
Second, public housing residents in these countries have inadequate experience of 





public housing units only for a short period. It is possible that no renewal project would 
take place within this period. This remains a serious barrier as little to no information 
with respect to building adaptation is available from independent agencies (Donkelaar, 
2007). However, 95 per cent of the public housing households in Singapore own their 
apartments on a 99-year lease (Yu, 2004). They could therefore experience several 
renewal projects during their occupation, which enables them to judge the potential 
benefits arising from building renewal activities (Yu, 2004). Under such circumstances, 
public housing occupants become more supportive of renewal projects when they have 
foreseen the promising benefits. In fact, the number of occupants who agree public 
housing renewal projects initiated by the Singapore public housing agencies is rising (Yu, 
2004).   
 
Apart from the above discussion, building adaptation in Singapore in recent years has 
also become a public concern of Singaporeans who expected physical improvements of 
their residential environment (Wong and Yap, 2003). This drives the public housing 
agencies to spend a lot of their funding annually on the adaptation of the existing public 
housing stock. Meanwhile, the government provides financial sources and initiates 
multiple financial mechanisms to support building renewal projects in Singapore (HDB, 
2008). In contrast, Donkelaar (2007, p.8) noted that the above-stated developed countries 
lack suitable financial mechanisms, because enormous public houses “call for 
refurbishment and the available public financial sources and programmes are limited”.  
 
The barriers for building adaptation facing public housing owners, property managers 





tool that is able to indicate the adaptation potential for buildings under investigation 
would be desirable, because it would aid the decision makers to mitigate the debates 
among different stakeholders who have their own interests. In addition, such decision 
support tool would help the decision makers optimise the allocation of financial budget in 
building adaptation. This becomes extremely important when they have limited financial 
resources available for building adaptation.  
2.5 Summary  
A review of the HDB’s work in new building and upgrading was carried out to reveal the 
numbers, rationale and decision making processes of public housing adaptation in 
Singapore. It briefly introduced the functions, roles and history of the HDB.  The primary 
role of HDB public housing policy is to provide public estates to lower-income and 
middle-income households who cannot afford private housing. Since its establishment in 
1960, the HDB has successfully accomplished 10 five-year plans, which led to the 
completion of approximately 1 million public housing units in 2011. Furthermore, in 
order to lessen the quality disparity between the old and new HDB flats, the HDB has 
enforced the Estate Renewal Strategy which comprises a set of upgrading programmes, 
each with its own focuses. Meanwhile, in order to provide a comparison, the public 






CHAPTER 3: LITERATURE REVIEW 
3.1 Introduction  
This chapter presents a literature survey pertinent to studies on the definition of building 
adaptation, the reasons for implementing building adaptation activities and the qualitative 
classification of building renewal actions. Furthermore, studies relevant to the 
determination of building adaptation potential and its influencing factors are discussed. 
Subsequently, studies that attempted to explore the choice of building renewal actions are 
reviewed as well.   
3.2 Building Adaptation  
An early work concerning building adaptation was conducted by Needleman (1965). His 
research explicitly compared the cost of modernisation and the cost of rebuilding by only 
taking economic factors into account. His findings indicated that for a given expenditure, 
more attention should be directed to modernisation than to rebuilding, because rebuilding 
would normally cost more than renovation. His research provided a cost-benefit 
hypothesis for the study of Nutt et al. (1976) whose focus was put on assessment, 
simulation and alleviation of obsolescence in housing. They stated that housing 
obsolescence is subject to assessors’ judgment. In other words, it should be deemed as a 
function of subjective decision rather than the consequences of natural forces. Their 






The book by Eley and Worthington (1984) gave a grounding in the adaptation of 
industrial buildings and advocated the re-use of redundant industrial buildings in the UK. 
Furthermore, the text by Highfield (1987, p.10) dealt with the rehabilitation and re-use of 
old non-domestic buildings and argued that the most significant reason for implementing 
building adaptation is “the poor condition of the existing building stock”. These studies 
have not comprehensively introduced the subject that entails the main physical 
interventions to a property. Douglas (2002; 2006) continued the discussion and focused 
on the discussion of the fundamentals of building adaptation.  
3.2.1 Definition of building adaptation  
Building adaptation is broadly interpreted as “any intervention to adjust, reuse or upgrade 
a building to suit new conditions or requirements” (Douglas, 2006, p.1) or “the process of 
adjustment and alteration of a structure or building and/or its environment to fit or suit for 
new conditions” (Chudley, 1981, p.1). It also refers to “a method of extending the useful 
life of buildings and hence their sustainability by a combination of improvement and 
conversion” (Bullen, 2007, p.21). These definitions imply that any changes to existing 
buildings, such as alteration of building structure, improvement of surrounding 
environment and extension of building physical life span can be deemed as building 
adaptation, because these changes alter the status of existing buildings so as to cater for 
occupants’ evolving requirements for high living standards.  
 
Trusty and Meil (2000) argued that adaptation of existing buildings would reduce the 
demand for new buildings, mainly because dynamic requirements of building occupants 





will continue to account for the major portion of the building stock for decades to come” 
(Trusty and Meil, 2000, p.1). The above discussion implies that policy makers in the 
housing sector should pay more attention to the contribution of building adaptation rather 
than only attaching importance to new buildings.   
3.2.2 Reasons for implementing building adaptation activities 
Building adaptation is carried out because of various reasons. Needleman (1965, p.191-
192) stated that “the poor quality of the original construction, old building age and 
inadequate maintenance” together caused housing to become unfit for habitation. 
Similarly, Chanter and Swallow (1996, p.17) noted that “if a building was unfit for 
occupation, or lack of basic amenities, or in poor condition”, this building becomes a 
suitable candidate of building adaptation. Compared to the above-stated studies, Doran et 
al. (2009, p.5-6) identified some specific situations that demand building refurbishment, 
including: “change of use, dilapidation, fire damage, explosion damage, vehicle impact, 
upgrading to meet new legislation, settlement or heave of, structural inadequacy resulting 
from long-term deterioration, security requirements, new plant or mechanical services 
requirements, additional client requirements, maximization of space to let, expiry of 
lease”. Likewise, Yu (2004) revealed three impetuses for building upgrading programs in 
Singapore: the shift in emphasis from quantity to quality, normal wear and tear as well as 
poor workmanship, and the market decline for new public housing flats in Singapore.  
 
From a different perspective, Lee (1976) argued that building maintenance was executed 
probably because by arresting building decay it will extend the physical life of a building 





Highfield (2009), who observed that the reasons could be attributed to the advantages 
related to building refurbishment like the availability of buildings suitable for 
refurbishment, the quality of buildings suitable for refurbishment (well-built and 
structurally sound), the shorter development period, economic advantages (lower cost), 
the availability of financial aid, planning permission not required and the effects of plot 
ratio control.  
 
The above studies describe the reasons for carrying out building adaptation activities 
from different aspects. These explorations provide a theoretical basis for further research 
on the major causes of implementing building renewal projects. From the literature, it 
was noted that in recent years the three main causes of conducting building adaptation 
had been building deterioration, housing obsolescence and sustainable requirements. In 
what follows, these causes will be discussed in detail.  
3.2.2.1 Building deterioration 
Building deterioration has significant implications for building adaptation (Douglas, 
2006). Building deterioration was defined as the loss in serviceability and desirability for 
a building structure (Ratcliffe, 1949). Its hypothesis posits that the physical condition of a 
building deteriorates with age (Douglas, 2006; Nutt et al., 1976). Deterioration of a 
building's structure and fabric is generally attributed to one of three principal causes: 
dampness, bio-decay and movement (Addleson and Rice, 1992). All buildings are more 
or less subject to these, which can often make a correct diagnosis difficult to achieve. 





two major agencies: climatic agencies (environmental influences), and user activities 
(functional influences).  
 
Compared with newly built, adaptation of ageing buildings would bring about a variety of 
benefits. Yu (2004, p.5) maintained that building refurbishment was “the only alternative 
to eventual demolition and redevelopment” to delay the onset of natural degradation. 
Similarly, Ashworth (1997) argued that adaptation would delay the physical deterioration 
process and prolong the useful life of a building. The life of a building relies on the 
timing and adequacy of adaptation activities (Stone, 1963). For instance, Figure 3.1 
shows that minimal maintenance might be able to slow down the physical deterioration 
process but it is impossible to keep a satisfied building performance for a long time. 
However, planned repairs and maintenance such as routine façade maintenance would 
greatly retain building performance. By contrast, building refurbishment will greatly 
arrest building decay and improve building performance to a satisfactory level for a while 
before its performance declines. Both planned repairs and maintenance and refurbishment 





















Figure 3.1: The impact of adaptation on deterioration 







3.2.2.2 Housing obsolescence 
Douglas (2002:29) pointed out that “obsolescence is the process of an asset going out of 
use”. It was regarded as the fourth dimension in building in addition to length, breadth 
and depth (Iselin and Lemer, 1993), because it determines the timing of building 
adaptation (Douglas, 2002). Besides, housing obsolescence would threaten the 
serviceability and functionality of buildings (Douglas, 2006; Nutt et al., 1976). Thus, the 
degree of housing obsolescence to some extent manifests the urgency that building 
adaptation shall be carried out.  
 
More importantly, building adaptation can postpone the process of housing obsolescence 
(Douglas, 2002). For individual households, if they face the problem of serious 
obsolescence, their responses are either to adapt their current buildings or merely move to 
another dwelling. For property managers who manage substantial public housing estates, 
however, they can only curb housing obsolescence through renewing their current 
properties; the purpose here is to improve the overall housing conditions, and thus to 
keep occupants staying in their current dwellings and also to attract new potential 
occupiers (Nutt et al., 1976).  
3.2.2.3 Sustainable requirements 
Current government environment policy on housing is encouraging the adaptation of 
buildings like adaptive reuse due to constrained land resources (Highfield, 2000). In 
recent years, the implications of adapting existing buildings to building sustainability 
have been acknowledge (Highfield, 2000; Langston et al., 2008; Wilkinson et al., 2009), 





useful life of buildings” (Bullen, 2007, pp.28), because building adaptation has been 
viewed as an effective channels to enhance the sustainability performance (e.g. energy 
efficiency) within the built environment (Douglas, 2006; Wilkinson et al., 2009). 
Meanwhile, building adaptation has been viewed as one of the most effective ways to 
promote the sustainability performance within the built environment (Douglas, 2006; 
Wilkinson et al., 2009). The above discussion implies that the trend of using building 
adaptation to deliver building sustainability has been widely acknowledged. Ball (1999) 
supported this observation and unveiled that the developers and relevant organisations in 
refurbishment sector highly accepted sustainability considerations. 
 
Furthermore, Dong (2002) stated that building adaptation played a crucial role in 
directing the construction industry towards sustainable development. This statement 
holds especially true in developed countries because mature buildings account for the 
majority of the building stock in these countries. Pearce (2004) made a summary of the 
benefits arising from rehabilitation, which embraces accommodating human needs and 
aspiration, mitigating harmful environmental effects and minimising the consumption of 
materials and energy. Based on this observation, he reached a conclusion that building 
adaptation like rehabilitation served as an essential strategy to promote building 
sustainability. In order to exploit these benefits, Shivashish (2005) asserted that the 
sustainability of the built environment could be improved through converting, preserving 
or recycling existing building stock. The reason is that through conservation, improved 
maintainability, recycling, reduction, reuse and other actions and innovations, the needs 






Previous studies regarding building sustainability provided a theoretical basis for the 
discussion in Bullen’s study (2007), which maintained that one objective of sustainability 
was continuous improvement, and adaptive reuse of existing building stock was one of 
the viable channels to attain this aim, for building adaptive reuse can lower material use, 
energy use and environmental burdens, reduce land acquisition and construction costs. A 
similar conclusion about building adaptation was reached by Wilkinson et al. (2009), 
arguing that adaptation was inherently sustainable. Compared to newly built, it is often 
less expensive and involves less energy consumption as well as less pollution during 
construction. In some cases, it may be possible to retain the social and cultural capital 
embedded in buildings. In the context of social housing, Redmond and Russell (2008, 
p.1) believed that regeneration of social housing flat would “lead to long-term social and 
environmental sustainability”.  
 
The above-described studies laid their stress on the description of the causes of building 
deterioration as well as obsolescence, and of the potential benefits yielded by building 
adaptation. Some of these studies also explained the relationships between building 
adaptation, building deterioration, housing obsolescence and sustainable requirements. 
Inadequate effort however has been given to reveal the main driving forces of building 
adaptation using empirical evidence. Having reviewed the reasons for implementing 
building adaptation activities, the next section will turn to the discussion of various types 





3.2.3 Various forms of building renewal actions 
The discussion of classification of building renewal strategies has attracted substantial 
research interest. Johnson and Wilson (1982) attempted to describe various building 
adaptation strategies in a map, and these strategies ranged from minor maintenance 
through renovation to reconstruction, shown in Figure 3.2. Here, rehabilitation refers to 
partial repair without substantial adjustment to the original attributes of a building; 
renovation involves substantive changes to sub-elements or new installations. The most 
extreme action is reconstruction, which means rebuilding an entire new facility after 
demolishing the old one; the action ‘restoration’ often refers to conservation of its 
existing characteristics and restoration of the damaged parts.  
 
Meanwhile, partial overlaps among these terms are observed in this figure probably 
because the classification of building renewal actions is a complex issue, and a qualitative 
classification may not be able to exactly represent the entire spectrum of this issue. 
Therefore, in some circumstances, several terms such as renovation and modernisation 
are interchangeably used in the conservation industry. Although the study of Johnson and 
Wilson showed readers the similarities and differences in various forms of renewal 
















Figure 3.2: Building renewal strategies of constructed facilities 
           (Adapted from Johnson and Wilson (1982) ) 
Additionally, Shivashish (2005) proposed that there were three types of building renewal 
actions, i.e. conservation, conversion and recycling of existing building stock. For each 
form of building renewal action, such as retrofitting, there are many sub-categories. In an 
attempt to develop a multi-criteria assessment method to optimize the sustainability of 
existing office buildings, Rey (2004) identified three groups of retrofitting options, i.e. 
stabilisation, substitution and double skin façade. According to the study of Watson 
(2009), there are three major forms of building renewal: 
 Conversion: referring to change of use or function, such as converting an office 
building into a residential block; 
 Extension: involving work of increasing size (horizontal or vertical expansion); 
 Refurbishment: referring to change of performance 
 
Other terms that come under the umbrella description of building renewal are:  
 Alteration (remodelling) 












   
 
   Rehabilitation 
Maintenance  

















 Modernisation (rehabilitation) 
 Maintenance (repair and/or replacement) 
 
To date, Douglas (2006, p.3) has provided the most comprehensive classification, ranging 
from “basic conservation works at one end of the spectrum to almost complete 
reconstruction at the other”, shown in Figure 3.3. It was noted that the overall actions 
could also be grouped into three strategic categories according to the scales of changes 
(i.e. small, medium and large): retaining with routine maintenance, renovating with 
substantive changes and upgrading actions, and rebuilding with demolition and 










Figure 3.3: The range of building renewal strategies 





a) Preservation (arresting decay) 
b) Conservation (preservation with purposes)   
c)  Refurbishment   
d)  Rehabilitation (modernization)  
e)  Renovation (upgrading)  
f)  Remodelling (improvement)  
g) Restoration   
h) Demolition and rebuilding   


















Table 3.1: Scale and degree of changes for building adaptation 








Upgrading of fittings and 
minor extension 
New floor coverings,, 
painting/re-painting or 
rendering/re-rendering external 
wall; replacement of doors, 







Conversion schemes, major 
upgrading of surfaces and 
elements; retrofitting of 
service; 
Enlargement of capacity; 
structural alteration; major 
change of use of buildings  
 
New air-conditioned systems; 
Conversion and renovation 
work 
Large Drastic Reconstruction of new 
building 
Redevelopment of a ruinous 
multi-storey building  
Source: adapted from Douglas (2006, p.4) 
 
3.3 Review of Building Adaptation Potential  
The above description shows that building adaptation consists of a set of remedial 
responses to building deterioration and housing obsolescence. Building renewal action, 
however, vary from study to study. They depend mainly on the potentials that buildings 
can be adjusted (Douglas, 2006). The level of changes required by a building should be 
estimated through some quantitative measures; a good measure should be able to predict 
the urgency that the building needs to be adapted. Under such circumstances, the concept 
of building adaptation potential was proposed herein; it was evolved from the concept of 
adaptive reuse potential (ARP) coined by Langston et al. (2008), whose focus was only 
on the discussion of reusing existing facilities but not on the discussion of building 
adaptation in a broader perspective. Building adaptation potential can be defined as an 






Several studies have attempted to explain the determination of building adaptation 
potential. A notable example of research is that of Gann and Barlow (1996), who 
demonstrated that technical issues, such as building services, acoustic separation and fire 
safety, would impact the adaptation potential for office buildings. However, their 
research did not report the empirical effects of these aspects on adaptation potential. 
Kincaid (2000) stated that redundancy, ambiguity, regulation, flexibility in design, and 
physical constraints may have something to do with creating “adaptable and sustainable 
buildings, facilities and infrastructures”. This hypothesis however was not tested by 
empirical evidences.  
 
Kincaid (2002, p.15) interviewed different decision agents involved in adaptive reuse and 
identified four dimensions of the key criteria in assessing the viability of adaptive reuse 
projects, including “the relative cost of options; the relative value of options; the relative 
risk of options; and the relative robustness of options”. The findings show that the 
criterion of the relative value of options ranks in first place with 59% positive responses 
to the questions within this dimension. He further empirically examined the relative 
impacts of physical characteristics on market value and sale, and of locational 
characteristics on supply for refurbished buildings, as perceived by those involved. The 
results showed that on the one hand, the most important physical features affecting the 
market value of a refurbished property were building character, period features, floor to 
ceiling height, and window size. On the other hand, building access had the most 
significant impact on the ability to sell. Two locational characteristics were dominant in 
relation to the saleability of property after conversion: access to public transport and 





Kincaid’s study contributed to the existing body of knowledge by identifying the 
preferred characteristics of refurbished buildings from a post-refurbishment perspective, 
which was useful to rule out all non-viable adaptation actions, converge on a set of 
possible and potentially viable options and select those needing detailed appraisal. In 
practice, however, it is difficult to extract all concrete ‘use of change’ options for 
buildings. General guidance for selecting buildings suitable for adaptation from a 
proactive perspective would be more helpful for decision makers to determine a proper 
building renewal action. In addition, current states of buildings and occupants’ attitudes 
towards these states were ignored in the determination of building adaptability. This 
neglect would easily weaken decision-making effectiveness as current defect level of 
buildings is one of the main factors influencing the timing of adaptation (Teo and 
Harikrishna, 2005) and occupants’ support is an important determinant of the success of 
an renewal project. 
 
Similarly, Schneider and Till (2005) believed that building adaptation might be 
influenced by the degree of housing flexibility but to what extent it affects a buildings’ 
adaptation potential was not revealed. Therefore, Lansley et al. (2005) assessed building 
adaptability of older people’s houses by examining occupants’ characteristics and the 
design of their property. Nevertheless, they inadequately discussed how occupants’ 
satisfaction with current building conditions would affect the appraisal of building 
adaptability. 
 
In addition, Langston et al. (2008) developed an innovative approach for assessing 





building adaptive reuse opportunity relies on factors such as expected useful building 
lifespan, current age of the building and housing obsolescence. They neglected the impact 
of occupants’ attitude on adaptation activities. Wilkinson et al. (2009) built a hypothetical 
building attribute database in which adaptation assessment factors are grouped into 
physical, economic, environmental, technological, social, and legal variables. They 
applied this database to the Melbourne CBD commercial buildings to reveal the 
relationship between building adaptation events classed as “alterations and extensions” 
and building attributes, such as building size, quality, age, and building appearance 
(Wilkinson and Reed, 2010). Again, the studies of Wilkinson and her co-authors 
overlooked the effect of occupants’ attitudes on building adaptation. Overall, previous 
studies in this field have taken inadequate account of sustainability assessment criteria 
and few studies were conducted to reveal the impact of occupants’ attitudes towards 
current building conditions on the adaptability of a building. 
3.4 Factors Affecting Building Adaptation Potential 
The above section provides an overview of the studies relevant to the determination of 
building adaptation potential, while this section will present in detail the literature 
pertinent to the investigation of factors that influence building adaptation potential. 
 
It was noted that building adaptation is an integral portion of urban renewal (Bullen, 
2007). In its essence, building adaptation would alter the forms of buildings and 
surroundings, affect the interests of occupants, impose pressure on land resources, and 
cause pollution to water and air. In turn, the features of a building, its occupants, its local 





adaptation activities. These statements could be partially supported by the study of Boyd 
and Jankovic (1992, p.2) who advocated that a good property management strategy 
should emphasise the management of the “interfaces between the user and the building, 
now and in the future”, and manage the local as well as global environmental constraints. 
They further argued that the critical factors affecting building adaptation potential must 
be examined from different perspectives: the occupants, the building system, the local 
environmental constraints, and the global environmental constraints. The above-stated 
factors derived from the literature are summarised in Table 3.2 and discussed below.  
Table 3.2: Factors and their assessment attributes for building adaptation potential 
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3.4.1 Building occupants’ perspective 
3.4.1.1 Occupants’ utility before adaptation  
The concept of utility was first coined by Bentham in 1789 to measure the quantities of 
pleasure and pain (Bentham, 1789; Stigler, 1968). He proposed that “each portion of 
wealth has a corresponding portion of happiness and of two individuals with unequal 
fortunes, he who has the most wealth has the most happiness” (Bentham, 1802). Four 
circumstances of pleasure and pain were identified for a person: (a) intensity, (b) duration, 
(c) certainty, and (d) propinquity (Stigler, 1950). Bentham was primarily concerned with 
the issue of income equality in society which gave rise to the problem of utility 
comparison between individuals in various contexts.  
 
However, it may not be sound to use an equality that holds for small changes to gauge 
total utilities. Therefore, the distinction between marginal and total utility was 
highlighted by researchers (Marshall, 1920). Some scholars provided clear statements of 
the principle of diminishing marginal utility but did not apply it to economic problems. 
One of the utility theory founders, Menger (1871) attempted to measure marginal utilities 
by numbers and adopted an equality of marginal utilities in various circumstances to 
optimise the allocation of a good (Stigler, 1950). Another founder Jevon offered an 
application of his utility theory to a demonstration of an exchange gain satisfaction for 
both parties, which did not echo his denial of the possibility of comparing utilities of 






In the area of welfare economics, Walras applied the theory on maximum satisfaction and 
stated that services could be combined in products to provide the greatest satisfaction 
with needs (Stigler, 1950). According to Kahneman and his co-authors (2006), utility can 
be classified into two groups: decision utility and experienced utility. Decision utility is 
inferred from choices, whereas experienced utility can be defined as the hedonic 
experience associated with an outcome. From a practical perspective, utility theory is 
concerned with people’s judgements of value and goodness (Kahneman and Thaler, 
2006). For example, the expected utility theory hypothesised that the general strategy of a 
rational agent is to pick the action that will maximise the expected utility of the resulting 
state (Neumann and Morgenstern, 1953). However, the expected utility theory does not 
guarantee that it is always a trustworthy tool to human behaviour or optimal practice.  
 
In practice, the Experienced Utility Theory proposed by Kahneman et al. (1997) is more 
helpful. It suggests that utility is a measure of the relative satisfaction with, or desirability 
of, consumption of various goods and services from the view of one’s personal 
experience and feeling. Here, occupants’ utility like occupants’ satisfaction with building 
qualities refers to their value perception toward attributes when assumed that no 
uncertainty is present. Given this measure, one may speak meaningfully of increasing or 
decreasing utility, and hence explain the economic behaviour in terms of attempts to 
increase his utility.  
 
In the field of building adaptation, Nutt et al. (1976) argued that the degree of constraints 





examining the scale of utility assigned by households. According to the scale of utility, 








Thus, occupiers’ attitude is vital in influencing the implementation of building renewal 
projects. Low (1996) investigated the management of upgrading programmes for 
Singapore’s public housing. His observation showed that occupants’ satisfaction with the 
qualities and services related to existing buildings was an important determinant of the 
prospect of building upgrading programmes, as their support is very crucial to the success 
of these programmes. Yu (2004) echoed this statement by revealing the impacts of 
upgrading programmes on occupants; he stated that while upgrading and renewal are an 
important constituent of public housing, they need to be conducted with a complete 
understanding of occupants satisfaction with and desirability for existing buildings, 
which may change over time. These observations enlighten the HDB to choose public 
buildings for adaptation by seriously considering residents’ support in the constituency 
for adaptation programme (Ho et al., 2009).  
 
Unacceptable  











Figure 3.4: Relationship between utility scale and building adaptation 





Apart from that, Lansley et al. (2005) pointed out that a growing number of older people 
wished to stay in their existing housing, in many cases, creating a great need for 
adaptation. They coined an innovative technique embracing standard User Profiles and 
Mobility Profiles to evaluate the adaptability of elderly people’ properties, and argued 
that users’ characteristics and the nature of the individual’s impairments would determine 
these properties’ extent of adaptation.   
 
The above studies agree that occupants’ attitude cannot be neglected when deciding to 
implement any form of renewal projects. Otherwise, there is a challenge that occupants 
would easily become intolerant of inconvenience and disturbance caused by adaptation 
activities. For example, they would face prolonged inconvenience with the dust and noise 
caused by adaptation activities. In particular, public housing occupants in Singapore have 
to co-share with the public housing agency the cost for some renewal projects like the lift 
upgrading programme.  
 
In order to assess occupants’ attitudes, Ting (2002) and Patt (2004) deployed empirical 
studies to investigate occupants’ satisfaction level in the HDB Lift Uprgrading 
Programme and Main Upgrading Programme respectively. Their studies made a 
contribution by presenting occupants’ satisfaction level for existing public buildings 
measured by attributes such as satisfaction with building qualities (interior design or 
function), building conditions (structural defects or surface defects), building facilities, 
surrounding environment, and building services. They employed this assessment 
approach largely because these attributes comprehensively represent occupants’ overall 





3.4.1.2 Occupants’ risk preference before adaptation  
Compared to new development work, adapting existing buildings involves high levels of 
risks and uncertainty (Boyd and Jankovic, 1992; Egbu, 1999; Holm, 2000). Building 
adaptation involves more constraints in the design phase and more unknowns in the 
construction stage than in new construction (Boyd and Jankovic, 1992). In Singapore, 
under the HDB’s Selective En-block Redevelopment Scheme (SERS), occupants will 
usually be reallocated to other places. Under such circumstances, they have to consider 
the trade-off between the benefits of having new estates to live in and the risks of losing 
the comparatively prime location they have at this moment and the community ties and 
identity they have cultivated for years (Yu, 2004).  
 
Therefore, occupants’ risk attitudes would increase or decrease the success chance of 
building adaptation as their support is a prerequisite for the adaptation (Gann and Barlow, 
1996; Low, 1996; Yu, 2004). Occupants’ risk attitude simply refers to their willingness to 
incur potential loss and “addresses the decision-maker's aversion to, indifference to, or 
desire for risk-taking” when there are uncertainties (Cordell, 2001; Watson and Buede, 
1987, pp.21).   
 
According to the Theory of Risk Aversion (Bellemare and Zachary, 2009), occupants 
may have three basic risk attitudes towards building adaptation: 
 Risk aversion (negative): if one is reluctant to accept an optimal action with an 
uncertainty rather than another sub-optimal alternative with more certainty. 





 Risk-seeking (positive): if he is willing to accept an optimal alternative with an 
uncertain instead of another sub-optimal alternative with more certain. 
 
For example, if occupants’ certainty equivalent for adaptation benefits is less than 
expected adaption benefits, they are said to be risk averse with building adaptation. For 
example, occupant risk averse with respect to lift upgrading programme, as the purpose 
of this project is to provide direct lift access for each floor that he already has, and he has 
to endure the inconvenience caused by upgrading.  
 
Gann and Barlow’s study (1996) therefore examined building occupants’ attitudes when 
studying converted buildings’ flexibility, and revealed that their risk attitudes towards 
adaptation could be affected by their financial capability. Egbu (1999) also established a 
skills and knowledge inventory for refurbishment works and observed that stakeholders’ 
awareness and knowledge of adaptation activities was so needed for forecasting that to 
some degree their awareness and knowledge manifests their risk preference towards 
future adaptation works. Furthermore, Yiu and Leung (2005) made a good attempt to 
evaluate the costs and benefits of rehabilitation, and noted that building occupants were 
likely to be risk-averse if they had a lower expectation of value enhancement generated 
by adaptation works. These studies indicate that occupants’ risk attitudes can be assessed 
by their financial situations, knowledge of adaptation activities as well as their 





3.4.2 Building system’s perspective  
3.4.2.1 Housing obsolescence before adaptation 
Various views have emerged in interpreting the causes of housing obsolescence (Nutt et 
al., 1976). They can be divided into three dimensions. First, housing obsolescence was 
initially regarded as a physical process of deterioration. The view that a building will 
deteriorate with age dominated early work. The second approach viewed obsolescence as 
an economic phenomenon and attempted to study the economic life of buildings. The last 
approach explained housing obsolescence from a sociological perspective, suggesting 
that the built environment demonstrates the conflicts between people with different 
power in society (Rex, 1968). ‘Good quality’ and ‘obsolescent’ building stock is useful to 
perpetuate the existing social structure (Cowan and Sears, 1966; Nutt et al., 1976) .  
 
The early work inspired Nutt et al. (1976) to develop the theory of Housing Obsolescence 
hypothesizing that obsolescence in housing is mainly the result of a number of 
imbalances between the fixed-resources offered by a building and the fixed-resources 
required by the occupants. Four types of resources provided by dwellings were identified  
(Nutt et al., 1976): 
 Physical resources, such as services and fabric condition; 
 Use resources, including its capacity for adaptation for new uses; 
 Locational resources, such as access to services, jobs; and  
 Financial resources, i.e., the capacity to generate financial returns through channels 





These resources are interrelated with each other. For instance, financial resources are 
likely the result of other resources (Kintrea, 2007). If the types as well as the quantities of 
the resources supplied by a building cannot meet the evolving aspirations of their 
households, the obsolescent process for the building could be exacerbated. Furthermore, 
government policy or regulation towards housing standards would also play a role in this 
process, because one outcome of promoting higher standards for new buildings would 
increase the expectations for all households, thus leading to the obsolescence in housing 
(Kintrea, 2007).  
 
According to Nutt et al. (1976, p.5), housing obsolescence refers to “the degree of 
uselessness of a building relative to the conditions prevailing in the population of similar 
building stock as a whole”. Housing obsolescence drastically threatens the serviceability 
and functionality of buildings (Douglas, 2006; Nutt et al., 1976). To some extent, the 
status of housing obsolescence therefore could reflect the adaptability potential of the 
building and the need that certain remedial actions are carried out, because building 
adaptation can serve to reverse the inequality between the collection of resources offered 
by the building and the resources required by households.  
 
Nutt et al. (1976) further suggested that “the degree of obsolescence can be gauged 
through those characteristics of the housing environment that constrain their occupants” 
(p.53). Based on the nature of constraints, Nutt et al. (1976) have identified seven types 
of housing obsolescence: physical obsolescence, financial obsolescence, functional 
obsolescence, site obsolescence, environmental obsolescence, style obsolescence (social 





Langston et al. (2008) have proposed a similar classification of housing obsolescence, i.e. 
physical, economic, functional, social and legal obsolescence. The above discussion 
revealed that housing obsolescence possessed different components; each component 
requires a detailed appreciation (Mansfield, 2000).  
3.4.2.1.1 Physical obsolescence  
Physical obsolescence appears when buildings become inadequate purely due to the 
natural decay of their physical structure (Langston et al., 2008; Little, 1964). As far as 
physical obsolescence is concerned, several assessment criteria have been presented in 
the literature. For example, Barras and Clark (1996) postulated in their conceptual model 
that building’s rental level drops as buildings age without continuous refurbishment, and 
showed a relationship between building age and physical obsolescence. The HDB 
accepted this conclusion and regarded ‘building age’ as the dominant criterion in the 
determination of replacing obsolete items within a building (Yu, 2004).  
 
A building’s physical obsolescence can also be detected by its conditions. Boyd and 
Jankovic (1992) contended that an office building would become physically obsolete if it 
is old and in poor condition for the job it is undertaking. Ball (2002) argued that a 
building with poor conditions has a higher re-use potential and deteriorating condition in 
structure and fabric without remedial treatments may increase the costs of re-using it. 
Furthermore, Watson (2009) pointed out that the condition of a building can be expressed 
in the way of structural defects or surface defects, because building defects can predict 






3.4.2.1.2 Economic obsolescence  
The concept of economic obsolescence has been extensively studied. Economic 
obsolescence refers to the situation that “capital and recurrent expenditure is not balanced 
by sufficient returns and benefits” (Lichfield and Associates., 1968; Nutt et al., 1976). 
Both Salway (1986) and Mansfield (2000) stated that economic obsolescence was a 
function of the capital appreciation of the site.  
 
On the one hand, Douglas (2006) contended that economic obsolescence might be 
evaluated by criteria like rental income level, rate of return, and depreciation. On the 
other hand, Langston et al.(2008) suggested that the distance from a building’s locality to 
a city central business district (CBD) could be an effective measurement of economic 
obsolescence. The reason is that the level of the expected income will decline in a faster 
rate if the building is located in a relatively remote area. However, it is rare to compute 
the ‘rate of return’ and ‘depreciation’ for residential buildings. In addition, the ‘location’ 
of a building would ultimately affect the rental income level. Therefore, only the criterion 
of ‘rental income level’ is suggested in this study to evaluate economic obsolescence 
(please refer to section 4.2.2.3 for justification). 
3.4.2.1.3 Functional obsolescence  
Functional obsolescence was defined by Mansfield (2000, p.5) as “a property in its 
existing form being unable to support the contemporary functional demands of 
occupation”. This definition is a good start point for a detailed consideration though it 





Langston et al. (2008, p.2) identified adaptive reuse opportunities in the building sector 
by analysing six types of housing obsolescence, and pointed out that change in 
occupants’ goals and requirements would lead to possible “functional change from the 
purpose for which a building was originally designed”. The severity of functional 
obsolescence therefore can be assessed by studying building services (i.e. lift and 
mechanical engineering) and examining the flexibility of original design (Langston et al., 
2008). This is because constant requirements for higher quality of services (e.g. advanced 
lift service and access) causes current building services to become obsolete in terms of 
function. Furthermore, the fulfilment of designed purpose represents the degree of 
functional advantages that a building possesses. Equally important, the flexibility of 
original design would affect the possibility for the building to meet new functional 
demands without substantial change.  
3.4.2.1.4 Technological obsolescence 
Mansfield (2000) presented a comprehensive review pertinent to the definitions of 
obsolescence and contended that sometimes technological obsolescence and functional 
obsolescence are overlapping. Technological obsolescence occurs when the building and 
its elements are no longer technologically advantageous, requiring them to be renewed or 
replaced (Langston et al., 2008; Mansfield, 2000). Gann and Barlow (1996) argued that a 
building’s technological feasibility would greatly influence the adaptation for buildings. 
They made a valuable suggestion that technological viability could be measured by a 






In addition, Douglas (2006) stated that technological change made existing buildings 
unsuitable for modern use. Thus, he suggested that technical adequacy can be used to 
appraise the level of technological obsolescence, while the empirical study of Langston et 
al. (2008) proposed that technological obsolescence can be assessed by operational 
energy use of building, in that the building is not energy-efficient if a building relies upon 
a higher level of energy consumption to supply occupiers’ comfort.  
Table 3.3: Criteria measuring technological obsolescence for buildings 
Criterion Attribute 
Site  External noise source; external access  
Size  Total floor area; height; floor to ceiling height 
Structure  Penetration for services 
Acoustic separation Floors and partitions; flanking transmission   
Fire protection  Provision of means of fire escape 
    Source: adapted from Gann & Barlow (1996) 
3.4.2.1.5 Social obsolescence 
Social obsolescence was defined as fashion or behavioural change (e.g. aesthetics) in 
society, leading to the need for building adaptation (Langston et al., 2008). Its assessment 
criteria encompass aesthetic qualities (Watson, 2009; Wilkinson et al., 2009) because the 
society’s preference for aesthetic qualities (e.g. building’s appearance or view) constantly 
changes over time. Moreover, the changes in taste and style, demographic trends and 
shifts and changes in expectancy levels would accelerate the rate of social obsolescence. 
Therefore, these criteria were suggested by Douglas (2006) to evaluate social 
obsolescence. However, it is very complex to detect the changes in social tastes and style, 
and the demographic trends and shifts from the perspective of individual buildings. As a 
result, only the criterion of ‘aesthetic quality’ such as a building’s appearance is adopted 





3.4.2.1.6 Legal obsolescence 
Legal obsolescence refers to changes of regulating mechanisms that control the 
development and renewal of buildings (Alexander, 1966). Douglas (2006) and Langston 
et al. (2008) held that the criterion of compliance to statutory requirements such as 
revised safety regulations, fire regulations, building ordinances or environmental controls 
is an effective indicator that can be used to represent legal obsolescence.  
 
Different types of housing obsolescence and their individual measurement criteria 
(attributes) are summarised and indicated in Table 3.2.  
3.4.2.2 Prospective impacts stemming from building adaptation 
Any form of development will result in potential benefits and losses. Building adaptation 
is no exception. Development potential is the balance between benefits to be added to a 
property by means of development and the expenditures or losses that this action implies 
(Michael Williams Town Planning, 2009). This balance has a great implication for 
selecting different scales of development if the objective of a decision making is to 
maximise benefits and minimise losses.  
 
Prospect theory first proposed by Kahneman and Tversky (1979; 1992) was used to 
describe decision making under risky situations. Its key feature is that prospects to be 
evaluated on the basis of gains and losses in wealth rather than absolute levels or 
outcomes (Barberis et al., 1999). It postulates that decision makers will choose an 
alternative with a higher utility after evaluating the prospective gains and losses 





people tend to be risk averse in the domain of gains whereas they are likely to be risk-
seeking in the domain of losses (Chang, 2001).   
 
Prospect theory has been examined by several economists such as Payne et al. (1981) and 
Arkes and Blumer (1985) in different contexts. Their studies offer support to the theory 
in several different scenarios. Gregory (1986) applied the prospect theory into benefit and 
cost studies. His findings showed that the cost required to forego a good is likely to be 
higher than the willingness to pay to acquire it. In practice, Faisal (2005) applied the 
prospect theory to the management of variation orders for school upgrading projects in 
Singapore and stated that structured information of past variation orders would contribute 
to the assessment of variation orders.  
 
Prospect theory allows one to describe how decision makers make choices in conditions 
where they have to choose among uncertain alternatives. In the context of building 
adaptation, decision makers often encounter the problem of which building renewal 
alternatives can generate the most benefits with the least losses. One underlying reason is 
that different building renewal actions would yield varied remaining capacities for 
buildings to serve the society, and such practices may lead to various forms of benefits. 
Langston et al. (2008) observed that these arising from building adaptation works may 
comprise social, economic, and environmental benefits. Chau et al. (2003) conducted an 
empirical study to examine the value enhancement effects of building refurbishment. 
Their findings revealed that it brought about 9 percent increase in market value for 
refurbished buildings, which far exceeds its cost. Yau et al. (2008) extended the study of 





They observed that refurbishment significantly enhanced the prices of neighbourhood 
properties (those close to the refurbished buildings): if all other factors are equal, it on 
average resulted in prices of neighbourhood properties increasing by 6.6 percent.  
 
Moreover, Erlandsson and Levin (2005) applied a back-casting technique to assess the 
benefits of a rebuilding scenario and found out that rebuilding is an energy efficient and 
cost effective choice compared to the construction of a new building. Similarly, 
Mickaityte et al. (2008) analysed a set of energy consumption directives in Europe like 
the Buildings Energy Efficiency Directive, and outlined the significance of building 
adaptation in terms of decreasing energy consumption, extending building life cycle and 
increasing the value of the buildings. The latter study suggests that the benefits associated 
with building adaptation are imperative in sustainable adaptation provision. Besides, 
Flourentzou et al. (2001) elaborated retrofit scenarios and highlighted that retrofitting 
strategies may extend a building’s useful life to a varying degree. Zavadskas et al. (2008) 
reached the same conclusion in their attempt to seek optimal regeneration alternatives for 
rural buildings.  
 
On the contrary, with the intent of seeking disadvantages of building adaptation, Douglas 
(2006) contended that there are three types of negative effects caused by building 
adaptation: adaptation cost, disruption time, degree of disruption (such as dust and noise). 
Watson (2009) proposed that building occupants’ expectations of time, cost and 
suitability should be explicitly investigated before the commencement of renewal 
projects. Both of them argued that these negative impacts should be taken into account, 





3.4.3 Local environmental constraint’s perspective 
3.4.3.1 Urban planning policies 
The System Urban Planning Theory proposed by McLoughlin (1969) suggests that an 
urban city is a system of interrelated activities in a constant state of flux. Urban planning 
requires the inputs of political judgements and the public’s participation. It will affect all 
activities taking place within this system. Urban planning, as an organised profession, has 
existed for less than a century. The integration of the disciplines of land use planning and 
transportation planning gives rise to urban, city, and town planning with the aim to 
explore a very wide range of aspects of the built and social environments of urbanised 
municipalities and communities (Taylor, 1999).  
 
One key role of urban planning is urban renewal as well as re-generation of inner cities 
by adapting urban planning methods to existing cities suffering from long-term urban 
decay (Grogan and Proscio, 2000). On the one hand, building adaptation is regarded as a 
viable way for a city to cope with urban dilapidation and blight (Hui et al., 2008). Urban 
planning policies on the other hand would also impact the practices of building 
adaptation in many ways. Hui et al. (2008) observed that the pace of urban renewal 
activities in Hong Kong was lagging behind its targeted level, for current urban planning 
policies in Hong Kong did not attract private sectors’ participation in the urban 
redevelopment practices. In order to stimulate their interest, they suggested that the Hong 
Kong government consider relaxing urban planning policies such as the control of plot 






Furthermore, Christudason (2004) conducted a detailed study of Singapore’s urban 
renewal process. She noted that the main driving force for the increased redevelopment 
activities in Singapore is the allowed enhancement of plot ratio and the increase of storey 
height in certain areas of Singapore, stimulating developers’ participating in urban 
renewal projects. Ball’s study (1999) revealed that accessibility is significant in building 
adaptation. For instance, a building close to a main road is assumed to be more conducive 
to adaptation than its counterparts with poor access. Similarly, Fianchini’s study (2007) 
revealed that transportation accessibility is critical to successful adaptation, because the 
degree of transportation convenience is an important factor that determines occupants’ 
desirability of staying where they are living (Nutt et al., 1976). 
3.4.4 Global environmental constraint’s perspective 
3.4.4.1 Building sustainable performance before adaptation  
Sustainable development has become a prevailing concern within the building sector 
(Chiu, 2004; Isik and Tulbentci, 2008), which requires that building development meets 
the needs of the present without undermining the ability for the future to meet theirs 
(Chiu, 2004; The Brundtland Commission, 1987). Ball’s study (1999) has revealed that 
sustainability considerations were highly accepted by the developers and relevant 
organisations in both refurbishment and new build sectors. In order to achieve the aim of 
using building adaptation to deliver building sustainability (Wilkinson et al., 2009), 
Douglas (2006) argued that building sustainability performance should be considered 
when deciding for building adaptation. Likewise, Watson (2009) suggested that due 





sustainability performance, even if the traditional thinking of time and cost is often 
influential in building adaptation decision-making. 
 
In order to evaluate building sustainability, a range of environmental sustainability 
assessment methods have been developed in developed nations such as the United States, 
United Kingdom, Hong Kong and Singapore in the past decade  (Lin et al., 2005). Four 
of them are widely employed, i.e. EcoHomes, Leadership in Energy and Environmental 
Design (LEED), Hong Kong Building Environmental Assessment Method (HKBEAM) 
and Green Mark. Thus, these schemes are chosen to be reviewed in detail.  
(1) EcoHomes 
EcoHomes-the Environmental Rating for Homes is one assessment tool of UK’s 
BREEAM (Building Research Establishment Environmental Assessment Method). It 
entails all types of new and existing buildings (Building Research Establishment, 2005). 
(2) LEED 
The LEED assessment tool is a set of standards proposed by the US Green Building 
Council (USGBC) in North America with the intention to encourage the adoption of 
green building practices in the industry. There are many standards and one of them—
LEED-Existing Building is targeted at existing building operations. Credits are awarded 
based on the extent of fulfilling the requirements specified in the assessment system 
(Green Building Council, 2005). 





The HKBEAM has evolved from Building Research Establishment Environmental 
Assessment Method (BREEAM). It is a volunteer rating system, providing an 
independently certified performance rating for a building. It covers all types of new and 
existing buildings: residential, commercial, institutional and industrial buildings (HK 
BEAM Society, 2003).  
(4) BCA Green Mark Scheme 
Green Mark for buildings was launched by the Building and Construction Authority 
(BCA) of Singapore in January 2005 as an initiative to move Singapore's construction 
industry towards being more environmentally friendly. The Green Mark scheme is 
applicable to all types of new and existing buildings in Singapore (BCA, 2005). BCA 
encouraged practitioners to evaluate building sustainability performance using criteria 
like energy use, water use and indoor environmental quality. Lin et al. (2005) advocated 
BCA’s practice and added that additional criteria such as carbon emissions, facilities for 
waste management should be taken into account. 
(5) Range of environmental issues in these rating systems 
There are a wide range of environmental aspects covered in the above-stated 











Table 3.4: The ranges of building environmental assessment tools 
Rating  tool EcoHomes LEED HKBEAM Green Mark 
Scope     
Site selection, project planning 
and development 
   √ √ √ √ 
Site selection √ √ √  
Project planning   √  
Urban design and site development √ √ √ √ 
Energy and resource consumption  √ √ √ √ 
Embodied energy √  √  
Operational energy √ √ √ √ 
Renewable energy  √ √  
Commissioning of building systems √ √ √  
Material use √ √ √ √ 
Water use √ √ √ √ 
Environmental loadings √ √ √ √ 
Greenhouse Gas emissions √    
Other atmosphere emissions √ √ √ √ 
Solid wastes √ √ √  
Rainwater, storm water and 
wastewater 
√ √ √ √ 
Impacts on site √ √ √ √ 
Other local and regional impacts  √ √ √ 
Indoor environmental quality  √ √ √ √ 
Indoor air quality √ √ √ √ 
Ventilation √ √ √  
Thermal comfort √ √ √ √ 
Daylight and illumination  √ √ √  
Noise and acoustics √  √ √ 
Functionality and controllability 
of building systems 
√ √ √ √ 
Controllability √ √ √ √ 
Long-term performance  √ √  
Maintenance of building envelope 
performance 
  √  
Flexibility and adaptability   √  
Maintenance of operating 
performance 
 √ √  
Social and economic aspects  √ √  
Cost and economics     
Social aspects  √ √  
Innovation & design process   √ √ √ 





3.5 The Choice of Building Renewal Actions  
Decision making can be considered as an output of mental processes (cognitive process) 
giving rise to the selection of a course of action among several alternatives. Every 
decision making process generates a final choice (Reason, 1990). The outcome can be an 
action or an opinion of choice. As far as building adaptation is concerned, the decision 
making for selecting the level of intervention for a given building is actually to choose an 
appropriate building renewal action, which is regarded as a specific way to cope with 
building deterioration and obsolescence (Douglas, 2006).  
 
Needleman (1965; 1968) and Sigsworth and Wilkinson (1967) made good attempts to 
compare renovation and rebuilding options by scrutinising the impacts of economic, 
social, organisational and administrative factors. Needleman (1965) argued that for a 
given expenditure, more attention should be directed to renovation (or modernisation) 
rather than rebuilding (or replacement), because rebuilding would normally cost more 
than renovation, and the rate of rebuilding is relatively slower than renovation in raising 
the quality of the general housing stock. Sigsworth and Wilkinson (1967) criticised 
Needleman’s study and contended that renovation and rebuilding should deserve equal 
attention in practice rather than only attaching importance to the former option. A 
fundamental reason is that renovation might be more feasible when dwellings are suitable 
for modernisation, whereas rebuilding becomes more compelling when existing buildings 
can never be renovated into good houses, or they are too worn out to be renovated. None 





favourable choice after examining different adaptation actions’ advantages and 
disadvantages.  
 
Compared to the studies described above, Trusty and Meil (2000) carried out a practical 
comparison of two case study projects involving extensive renovation and rebuilding of 
older Canadian buildings. They concluded that the option of renovation was 
advantageous to rebuilding in terms of the reduction of global warming potential. 
Meanwhile, they acknowledged that it was difficult to convince developers to adopt the 
alternative of renovation instead of rebuilding existing older buildings if the access to 
appropriate data and tools is not handicapped. Again, this study did not propose a 
guideline for decision makers to address the issue of how to make a choice between these 
two actions.   
 
Dong (2002) extended the study of Trusty and Meil (2000) by comparing life cycle 
environmental as well as economic implications of renovation and rebuilding options for 
single detached houses in Canada. He had a slightly different observation, showing that 
renovation outweighs rebuilding in terms of a lower investment, higher resource 
efficiency, a greater reduction of solid waste and environmental pollutants, whereas 
rebuilding has advantage in reducing the impacts of global warming potential. It was 
noted that only two alternatives were presented in this study while the option of 
‘retaining’ with routine maintenance is disregarded. In addition, this study discussed 
about making a choice between retrofitting and rebuilding only from the hypothetical 
perspective (‘what if’) by considering the potential benefits associated with the option of 





between building adaptation potential and building renewal action. It would reduce the 
study’s applicability because building adaptation potential is the basis for the choice of a 
proper renewal action (Wilkinson et al., 2009).  
 
In Singapore, the HDB has executed different scales of housing adaptation programmes, 
including MUP, IUP, LUP, IUP Plus, SERS, HIP, and NRP. It is worth noting that the 
HDB decides to launch adaptation programmes for specific buildings by considering the 
following criteria: building age, building condition, a good geographical spread of 
precincts across the public housing estates, and residents’ support (HDB, 2008), while 
sustainability criteria were neglected. Elmualim et al. (2010) highlighted that the drivers 
to meet the challenges of sustainable development are to apply sustainable development 
criterion to the property management of existing building stock. Although the HDB is the 
Singapore national public housing authority and takes the responsibility of driving 
existing public residential housing towards sustainable development, practicing property 
managers in the HDB lack the commitment to appreciate the practices of sustainable 
property management, and also lack the understanding of the contribution of sustainable 
property management to the environment and society. At the same time, it was worth 
noting that the HDB usually decides a certain upgrading programme for a precinct based 
on heuristic knowledge or ‘rules of thumb’. 
 
Furthermore, in order to provide the young generation with a physical environment that is 
conducive for learning and creative thinking, the government of Singapore, through the 
Ministry of Education (MOE), launched the Programme for Rebuilding and Improving 





rebuild and upgrade. Schools built before 1997 will either be upgraded or rebuilt. 
Upgrading works involve construction of extension blocks and alteration of existing 
school facilities, while rebuilding refers to construction of new buildings. The schools 
under PRIME are selected on the basis of their age, current state of existing facilities in 
the schools, and the availability and suitability of sites (Faisal, 2005). However, the MOE 
did not have a standard tool for its decision makers to decide the proper upgrading 
projects for specific schools (Faisal, 2005).  
 
Thus, it was noted from the literature that a scientific technique for the determination of 
strategic building renewal actions is lacking. The present study would fill this knowledge 
gap by presenting such method to decide building renewal actions. 
3.6 Knowledge Gap  
The literature review shows that previous studies on building adaptation mainly 
concentrated on: (1) discussion of the definition of building adaptation; (2) examination 
of reasons for implementing building renewal projects; (3) qualitative classification of 
building renewal actions; (4) investigation of factors affecting building adaptation 
potential; and (5) exploration of the choice of building renewal actions. However, studies 
on a systematically theoretical way to aid property managers to determine building 
adaptation potential based on synthetic impacts of a number of factors like human factors 
(occupants’ utility factor and risk attitudes), housing obsolescence, prospective impacts 
associated with building adaptation, sustainability performance and urban planning 





correlation between building adaptation potential and building renewal action are rare. 
The following section is designed to illustrate these knowledge gaps. 
 
The investigation of factors relevant to the determination of building adaptation potential 
(BAP) has attracted substantial research interest. A notable study has been conducted by 
Gann and Barlow (1996) who claimed that the potential of converting redundant office 
buildings into affordable housing was largely influenced by technical feasibility such as 
building services. They measured the impacts of these technical features on building 
adaptability by employing qualitative degrees of limit associated with each feature but 
did not provide empirical evidence.    
   
In the context of Singapore’s existing building stock, Low (1996) examined the rationale 
for upgrading public housing estates in Singapore and stated that residents’ satisfaction 
with existing buildings was a major concern when policy makers designed upgrading 
items. This point was confirmed by the study of Yu (2004) who noted that building 
adaptation should be carried out with a complete assessment of occupants’ satisfaction 
with and desirability for existing buildings. Therefore, the HDB and the respective town 
councils make building adaptation decisions by seriously considering occupants’ support 
in the constituency for adaptation programmes (Ho et al., 2009). Nevertheless, no attempt 
has been made in the above-stated studies to discuss how occupants’ satisfaction would 
affect the appraisal of building adaptability and the choices of upgrading programmes.  
 
Kincaid’s (2002) study shed light on the research in the field of property management by 





refurbishment perspective, which allowed property managers to extract all non-viable 
adaptation actions, converge on a set of viable options and choose those required for 
detailed appraisal. In practice, however, it is hard to elicit all concrete ‘use of change’ 
actions for buildings. General guidelines for identifying buildings suitable for adaptation 
from a proactive perspective might be more useful for decision makers to decide a 
compelling building renewal option. 
 
Likewise, Lansley et al. (2005) presented an innovative approach for assessing the 
adaptability of old folks’ homes. The result shows that the feasibility of properties is 
affected both by occupants’ needs and the original design of these properties. The 
application of the user profiles and mobility profiles supplies a valuable technique for 
judging the adaptability of individual and groups of properties. However, no effort was 
made to categorise the attained adaptability scores for the given properties. For example, 
it is unknown which adaptable potential is acceptable and which one is unsatisfied. In 
addition to this, the authors have made considerable attempts to provide specific advices 
about how to adapt existing properties which are more adaptable. By contrast, for those 
properties that are less likely to be adapted, the authors did not provide advices for their 
future action. 
 
More importantly, Langston et al. (2008) provided  the reader with a scientific method to 
predict the adaptive reuse potential (ARP) for commercial buildings in Hong Kong, based 
on the outcomes of housing obsolescence evaluation. Their study facilitates property 
managers to identify and justify buildings suitable for adaptive reuse. Despite its valuable 





rationale behind the given algorithm used to determine the useful life of building and 
adaptive reuse potential is not articulated. Secondly, it seems that the results derived from 
the ARP model and sustainability index go parallel and the logical co-ordination between 
them is not well explored. Additional factors such as occupants’ attitudes towards 
building adaptation were not considered in determining building adaptation potential.  
 
Another notable example of research is that of Wilkinson et al. (2009) who made a 
comprehensive summary of adaptation variables, encompassing physical, social, legal, 
economic and environmental features of adaptation. It also shifted the attention from the 
traditional thinking of either physical or economic considerations to sustainable thinking 
by discussing the possibility of delivering sustainability to the built environment through 
adaptation. Nevertheless, inadequate effort has been made on the description of criteria 
associated with sustainability. Rather, they focused on the criteria attributed to building 
characteristics. Furthermore, the discussion about other factors such as attitudes of 
building owners, impacts of urban planning factors, prospective impacts arising from 
building adaptation was also rare. 
 
Although the above studies attempted to investigate the factors that influence building 
adaptation potential (BAP), the key factors that influence the quantification of the BAP 
remain disputable. Additionally, their focus of the above-stated studies on sustainability 
assessment criteria was rarely adequate (Elmualim et al., 2010).  
 
For the choice of building renewal actions, Needleman (1965; 1968) and Sigsworth and 





the impacts of economic, social and organisational and administrative factors. There 
exists a controversy whether these two alternative lines of policy—renovation and 
rebuilding should deserve equal attention in practice rather than only attaching 
importance to the option of modernisation or replacement. Nonetheless, none of these 
studies have studied the preference rule for decision makers to judge which one is a 
favourable choice after examining their advantages and disadvantages respectively.  
 
From a different perspective, Trusty and Meil (2000) demonstrated an environmental 
comparison of two case study projects involving extensive renovation and rebuilding of 
older buildings in Canada. They observed that renovation outweighed rebuilding in 
achieving better environmental performance. For example, renovating is more likely to 
reduce global warming potential than rebuilding. Notwithstanding its empirical 
contribution in this field, the study suffered from a limitation that there is no framework 
that decision makers can adopt to tackle the problem of how to make a choice between 
the options of renovating and rebuilding.   
 
In recognition of this problem, Dong (2002) extended the study of Trusty and Meil (2000) 
by comparing life cycle environmental and economic implications of renovation and 
rebuilding options for single detached houses in Canada. He stated that renovation 
outweighs rebuilding in terms of investment capital, resource efficiency, solid waste 
reduction and environmental pollutants generated. By contrast, rebuilding has the 
advantage of reducing the impacts of global warming potential. However, this study only 
discussed two renewal actions whereas another typical adaptation option—retaining with 





adaptation choice was not based on the prospective view that is able to unveil the 
relationship between building adaptation potential and building renewal action. It would 
greatly undermine both its theoretical and practical contribution, because the choice of 
proper renewal actions should be based on a quantitative measure that can demonstrate 
the extent to which a building needing adaption (Wilkinson et al., 2009).  
 
The above discussion reveals that a comprehensive framework that is able to compute 
building adaptation potential is lacking. The impacts of occupants’ attitude, housing 
obsolescence, expected impacts arising from adaptation, building sustainability before 
adaptation and urban planning policies on the building adaptation potential is 
inadequately studied. Besides, the linkage between building adaptation potential and 
building renewal action needs to be explicitly articulated and quantified. This research 
intends to bridge these knowledge gaps by: (1) identifying the influences of occupants’ 
attitude, housing obsolescence, expected impacts arising from adaptation, building 
sustainability before adaptation and urban planning policies on the BAP; and (2) 
revealing the relationship between the BAP and the BRA.  
3.7 Summary  
In this chapter, a review of the existing body of knowledge with regard to the factors 
influencing building adaptation potential was conducted. Factors mainly comprise 
occupants’ utility, occupants’ risk attitudes, housing obsolescence (including physical, 
functional, economic, social, technological and regulatory obsolescence), prospective 
impacts (positive and negative impacts), building sustainability and urban planning 





renewal actions. It was noted these studies had focused on: (1) building adaptation 
definition; (2) exploration of reasons for carrying out building adaptation practices; (3) 
categorising building renewal actions; (4) investigation of factors related to the 
determination of building adaptation potential; and (5) the selection of building renewal 
actions. Nevertheless, it remains disputed about how building adaptation potential can be 
computed. In addition, the relationship between building adaptation potential and 





















CHAPTER 4: CONCEPTUAL FRAMEWORK 
4.1 Introduction  
Based on the literature, knowledge gaps and research questions, research hypotheses with 
respect to the main driving forces of building adaptation, the determination of Building 
Adaptation Potential (BAP), and the determination of Building renewal action (BRA) 
were developed. This led to the formation of a conceptual framework for computing 
Building Adaptation Potential (BAP) and revealing the quantitative relationship between 
the BAP and the BRA. 
4.2 Research Hypotheses  
4.2.1 Driving forces of building adaptation  
In general, building adaptation is carried out for various reasons. The literature (Section 
3.2.2) indicates that in recent years the apparently compelling forces for building 
adaptation have been building deterioration, housing obsolescence and sustainable 
requirements.  
 
Building deterioration has considerable implications for building adaptation (Douglas, 
2006). Building deterioration was defined as the loss in serviceability and desirability for 
a building structure (Ratcliffe, 1949). The theory of deterioration posited that the 
condition of a building tends to worsen with age if left unattended (Douglas, 2006; Nutt 






Housing obsolescence goes hand in hand with building deterioration. It can be regarded 
as the fourth dimension in building in addition to length, breadth and depth (Iselin and 
Lemer, 1993), because it determines the timing of building adaptation (Douglas, 2002). 
The theory of housing obsolescence postulated that on-going drastic technological, 
economic and demographic changes are likely to reduce the degree of usefulness of a 
building (Douglas, 2006; Highfield, 2000; Nutt et al., 1976). Thus, different remedial 
responses are required to deal with housing obsolescence (Douglas, 2006; Nutt et al., 
1976).  
 
In recent years, the implications of adapting existing buildings to building sustainability 
have been recognised (Highfield, 2000; Langston et al., 2008; Wilkinson et al., 2009), 
including “reducing resource consumption, energy use and emissions and extending the 
useful life of buildings” (Bullen, 2007, pp.28), because building adaptation has been 
perceived as a viable channel to enhance the sustainability performance (e.g. energy 
efficiency) within the built environment (Douglas, 2006; Wilkinson et al., 2009). 
Sustainable development requires that the building development that meets the needs of 
the present should not undermine the ability of the future generations to meet theirs (Chiu, 
2004; The Brundtland Commission, 1987). Therefore, sustainable requirements may 
facilitate building adaptation activities.  
 
Thus, based on the literature review, housing obsolescence theory, building deterioration 
and sustainable development, the first research hypothesis and its sub-hypotheses were 
developed and their relationships are indicated in Figure 4.1. Here, driving force is the act 





generally positive factors that propel renewal actions (Darebin City Council and 
Department of Planning & Community Development, 2011). Facilitator has the meaning 
of assisting the progress of something. Ho et al. (2010) contented that their building 
assessment scheme would facilitate urban renewal in the city. Here, it has the meaning of 
encouraging the process of building renewal activities.  
 
Hypothesis 1: Building deterioration, housing obsolescence and building sustainability 
requirements are the main causes of building adaptation. 
 
Hypothesis 1.1: Building deterioration and housing obsolescence are the main driving 
forces for building adaptation. 
 








4.2.2 Determination of building adaptation potential  
The literature (Section 3.4) revealed that building occupants’ attitude (occupants’ utility 
and risk preference) towards building adaptation, the degree of housing obsolescence, 
prospective impacts related to building adaptation, urban planning policies, and building 



















BAP. The theoretical elements for each factor and the corresponding assessment 
attributes used for evaluating each factor are discussed below.  
 
First, the Experienced Utility Theory proposed by Kahneman et al. (1997) postulated that 
utility is an indicator reflecting the relative satisfaction from, or desirability of, 
consumption of goods and services based on one’s personal experience and feeling. With 
this measure, he may be able to speak meaningfully of increasing or decreasing utility, 
and explain economic behaviour with respect to attempts to increase his utility. 
Furthermore, Nutt et al. (1976) suggested that the degree of constraints caused by 
housing obsolescence and buildings deterioration can be measured by the scale of utility 
assigned by households. The scale of building occupants’ utility for the building would 
therefore partially impose an impact on the determination of adaptation potential for the 
building.  
 
Second, occupants’ risk attitude refers to their willingness to experience potential losses 
(Cordell, 2001). According to the Theory of Risk Aversion, building occupants may have 
three basic risk attitudes towards building adaptation: risk aversion, risk neutral, and risk-
seeking (Bellemare and Zachary, 2009). If building occupants’ certainty equivalent for 
adaptation’s benefit is less than the expected benefit for adaptation, they are said to be 
risk averse with respect to adaptation (Pratt, 1964). For example, an occupant who stays 
in the sixth floor of a public housing might become risk averse with respect to lift 
upgrading programme, as the purpose of this project is to provide direct lift access for 






If building occupants’ certainty equivalent for adaptation’s benefit is equal to the 
expected benefit for adaptation, they are said to be risk neutral. For instance, building 
occupants become risk neutral with regard to façade maintenance when they expect that 
this project might cause noise that is bearable during the process but bring improvement 
to their living environment afterward. If building occupants’ certainty equivalent for 
adaptation’s benefit is greater than the expected benefit for adaptation, they are said to be 
risk seeking. The occupants who stay in floors that do not have the direct access to lift 
would become risk seeking towards life upgrading programme, because this project 
would bring great benefits to them though it has a lot of disturbance during the process. 
Since the interest of occupants will be affected by building adaptation, and their support 
is very crucial to the success of building renewal projects, occupants’ risk attitudes 
towards building adaptation are instrumental in the determination of adaptation potential 
for buildings (Yu, 2004). 
 
Third, the term of housing obsolescence refers to “the degree of uselessness of a building 
relative to the conditions prevailing in the population of similar building stock as a 
whole” (Nutt et al., 1976, p.5). The Housing Obsolescence Theory hypothesizes that 
obsolescence in housing is primarily the result of inequalities between the fixed-resources 
supplied by a building and the fixed-resources demanded by its occupants. Since housing 
obsolescence would threaten the serviceability and functionality of buildings (Douglas, 
2006; Nutt et al., 1976), the degree of housing obsolescence to some extent will 






Furthermore, any form of development will generate potential benefits and losses. 
Building adaptation is no exception. Development potential is the balance between the 
benefits added to a property by development and the losses that this action implies 
(Michael Williams Town Planning, 2009). This balance plays an important role in 
selecting different scales of development, provided that the end of decision making is to 
maximise benefits and minimise losses. The Prospect Theory developed by Kahneman 
and Tversky (1979) suggests that decision makers will choose an action with a higher 
utility after appraising the prospective benefits and losses related to different actions. It 
allows one to describe how decision makers choose among alternatives. In the context of 
building adaptation, decision makers often encounter the problem of which building 
renewal action can generate the most benefits with the least losses. These potential 
benefits and losses thus become an influential factor that affects the BAP.  
 
Moreover, the System Urban Planning Theory proposed by McLoughlin (1969) 
postulates that an urban city is a system of interrelated activities in a constant state of 
flux. Urban planning requires the inputs of political judgments and the public’s 
participation. It will affect all activities taking place within this system. On the one hand, 
urban renewal is a key role of urban planning while building adaptation is regarded as an 
integral portion of urban renewal (Bullen, 2007) and an effective scheme for a city to 
cope with urban dilapidation (Hui et al., 2008). Urban planning policies on the other hand 
would influence the practices of building adaptation and hence its adaptation potential.  
 
In addition, sustainable development has become a prevailing concern within the building 





developers and relevant organisations in both refurbishment and new build sectors. In 
order to attain the goal of using building adaptation to deliver sustainability within the 
built environment (Wilkinson et al., 2009), Douglas (2006) and Watson (2009) stressed 
that building sustainability performance should be taken into account when making 
decisions about building adaptation.  
 
Thus, based on the Experienced Utility Theory, Risk Aversion Theory, Housing 
Obsolescence Theory, Prospect Theory, sustainable development, System Urban 
Planning Theory, the literature and research problem, the second hypothesis and its sub-
hypotheses are set forth below and depicted in Figure 4.2. It illustrates the factors that 
determine building adaptation potential (BAP) contained in Hypothesis 2, embracing 
occupants’ attitude before adaptation, housing obsolescence, prospective impacts 
associated with adaptation, urban planning polices and building sustainability 
performance. At the same time, it also intends to present the operational criteria for the 
measurement of individual factors. For example, under the factor of ‘Prospective 
impacts’, two criteria—positive impacts and negative impacts were proposed to make the 
measurement of the factor operational. 
Hypothesis 2: Building Adaptation Potential (BAP) is determined by occupants’ attitude 
(utility and risk preference) before adaptation, housing obsolescence, prospective impacts 
(positive and negative) associated with adaptation, urban planning policies as well as 
building sustainability performance. 
These factors might not all pull in the same direction in the determination of the BAP. 





negative impacts and positive impacts. Negative impacts signal that higher ratings of 
these factors would give rise to a lower desirability for a building being adapted, all else 
equal. In contrary, positive impacts signify that higher ratings of these factors may lead to 
a higher potential for a building being adapted, all else equal. Therefore, the sub-
hypotheses under Hypothesis 2 were set that follows.  
Hypothesis 2.1: Building occupants’ attitude before adaptation should impose a positive 
impact on the building adaptation potential. 
Hypothesis 2.2: Housing obsolescence should exert a negative influence on the building 
adaptation potential (BAP). 
Hypothesis 2.3: The prospective impacts should be positively associated with building 
adaptation potential. 
Hypothesis 2.4: Urban planning policies should be positively linked with building 
adaptation potential.  
Hypothesis 2.5: A building’s sustainability performance should positively influence its 







Figure 4.2: Factors and their corresponding criteria influencing the BAP 






























The following section turns to the discussion of measurement attributes for each factor 
described in Hypothesis 2, including building occupants’ utility, building occupants’ risk 
preference, housing obsolescence, prospective impacts, urban planning policies and 
building sustainability performance.  
4.2.2.1 Measurement attributes of building occupants’ utility  
Based on the discussion in section 3.4.1.1, the studies of Ting (2002) and Patt (2004) 
revealed that occupants’ satisfaction level for existing public buildings can be measured 
by attributes such as satisfaction with building qualities (interior design or function), 
building conditions (structural defects or surface defects), building facilities, surrounding 
environment, and building services. They adopted this assessment approach largely 
because these attributes comprehensively represent residents’ overall attitudes towards a 
building system. These attributes identified in the literature were retained in this research 
following the preliminary interviews and pilot study.  
4.2.2.2 Measurement attributes of building occupants’ risk preference  
Based on the discussion in section 3.4.1.2, the literature indicates that occupants’ risk 
attitudes can be assessed by their financial situations, knowledge of adaptation activities 
as well as their expectation of net benefits arising from adaptation. The attributes 






4.2.2.3 Measurement attributes of housing obsolescence   
Different types of housing obsolescence and their individual measurement criteria 
(attributes) were discussed in section 3.4.2.1. Following the preliminary interviews and 
pilot study, some attributes identified from the literature were not retained in this 
research. It was found that attributes like rate of return, depreciation, and oversupply or 
drop in demand and location were inappropriate to evaluate economic obsolescence in 
this research. The first reason is that these attributes are often discussed in the context of 
commercial buildings and are indeed more relevant to the renewal of commercial 
buildings, as rate of return and depreciation are often monitored in the accounts. It is rare 
however to compute the ‘rate of return’ and ‘depreciation’ for residential buildings. 
Besides, the issue of data availability also impedes the adoption of these attributes in 
assessing economic obsolescence, as both the public housing management authorities and 
building occupants do not monitor the trends of rate of return, depreciation, and 
oversupply or drop in demand. Similarly, the attributes of site, size, and structure 
identified in the literature are discarded in this research. Likewise, it is very hard to detect 
the changes in social tastes and style and the demographic trends and shifts from the 
perspective of individual buildings. As a result, only the criterion of ‘aesthetic quality’ in 
terms of a building’s appearance is adopted to appraise social obsolescence. 
4.2.2.4 Measurement attributes of prospective impacts  
Following the literature in section 3.4.2.2, it was noted that different building renewal 
actions would yield different remaining capacities for buildings to serve the society, and 
such practices may lead to various forms of benefits: energy saving and maintenance cost 





life (Flourentzou et al., 2001; Langston et al., 2008; Zavadskas et al., 2008). By contrast, 
Douglas (2006) and Watson (2009) argued that different building adaptation actions 
would also result in various levels of adaptation cost, disruption time and disruption (such 
as dust and noise). The above-stated attributes were retained in this research after the 
preliminary interviews and pilot study.  
4.2.2.5 Measurement attributes of urban planning policies 
In Section 3.4.3.1, Hui et al. (2008) appealed that attributes such as the control of plot 
ratio and height limit are two critical aspects of urban planning policies. Christudason 
(2004) noted that one of the main driving forces for the increased redevelopment 
activities in Singapore in the past few years is the Land Title (Strata) (Amendment) Act, 
with the allowed enhancement of plot ratio and storey height in certain areas of 
Singapore. These efforts have stimulated property developers’ interest in participating in 
urban renewal process in Singapore. Ball’s study (1999) and Fianchini’s study (2007) 
both revealed that transportation accessibility is critical to successful adaptation as the 
degree of transportation convenience is an important determinant of occupants’ 
desirability of staying where they are living now or of merely moving out of their 
existing places (Nutt et al., 1976).  
4.2.2.6 Measurement attributes of building sustainable performance 
Assessment criteria like energy use, water use, air pollution, facilities for waste 
management and indoor environmental quality have been proposed by researchers to 
evaluate building sustainability in Singapore (BCA, 2005; Lin et al., 2005). Other 





material use, and innovation and design process were discarded in the study after a 
careful justification of the results of the preliminary interviews and pilot study. 
 
Therefore, the factors and their assessment criteria identified in the Hypothesis 2 and its 
sub-hypotheses can be summarised in Table 4.1. 
Table 4.1: Factors and their assessment criteria (attributes) in Hypothesis 2 
Factor Criteria Attributes 
 







H2.1.1: Occupants’ satisfaction with building 
qualities (r1), satisfaction with building conditions 
(r2), satisfaction with building facilities (r3), 
satisfaction with surrounding environment (r4) and 
satisfaction with building services (r5) should impose 




H2.1.2: Occupants’ financial situation (r6), awareness 
and knowledge of adaptation activities (r7) and 
expectation for value enhancement (r8) should exert a 




Hypothesis 2.2  
Housing 
obsolescence 
Physical H2.2.1: Building age (r9) and structural and surface 
defects (r10) should positively influence the BAP. 
Economic H2.2.2: Rental income level (r11) would negatively 
affect the adaptation potential for a building. 
 
Functional 
H2.2.3: Building services (r12), a building’s 
suitability for use (r13), the flexibility of original 
design (r14) and building height (r15) should have a 
negative impact on the BAP. 
 
Technological 
H2.2.4: Noise separation (r16) and means of fire 
escape (r17) would negatively impact the adaptation 
potential for buildings. 
Social H2.2.5: Aesthetic qualities (r18) should have a 
positive effect on the BAP.   
 
Legal 
H2.2.6: The ability for the building to comply with 
current building regulations (r19) should negatively 
influence the outcome of the BAP. 
 









H2.3.1: Reduction of air pollution in the long run 
(r20), electricity saving in the long run (r21), 
maintenance cost saving potential in the long run 
(r22), increase in market value for the flat (r23), 
extension of building life span (r24) and enhanced 
externality (r25) should positively influence a 
building’s adaptation potential. 





(r27), and degree of disruption (r28) should have a 







H2.4.1: Control of plot ratio (r29) and control of 
building height (r30) should exert a negative impact 
on the BAP.  
Transportation 
planning policies  
H2.4.2: Transportation planning policies (r31) should 
negatively impact the BAP. 









H2.5.1.1: Electricity consumption (r32), water usage 
(r33) and the severity of air pollution (r34) should have 
a positive impact on the BAP. 
H2.5.1.2: Facilities for waste management (r35) and 
indoor environmental quality (r36) should impose a 
negative impact on the BAP. 
Note: ri is the i
th
 attribute (i=1, 2,…and 36). 
4.2.3 Determination of strategic building renewal actions  
The above discussion on the computation of building adaptation potential provided a 
theoretical basis for the determination of a strategic building renewal action. The reason 
is that, as having observed, most of the literature stressed that building adaptability might 
have significant implications for the choice of a proper renewal action. However, the 
degree of building adaptation potential would vary from one building to another. 
Different building adaptation potential thresholds correspond to different renewal 
strategies. The literature also showed that the choice of building renewal strategies is a 
complex issue and a range of actions from preservation (minor change) to reconstruction 
(fundamental change) have been presented (Douglas, 2006; Johnson and Wilson, 1982; 
Shivashish, 2005; Watson, 2009). Douglas (2006) proposed that remedial actions for 
buildings can be categorised into three levels according to the scales of change: small 
change, medium change and large change, which can be deemed as a type of 






The Context Theory of Classification Learning proposed by Medin and Schaffer (1978) 
posited that people tend to sort out a set of instances into two or more categories so as to 
facilitate the learning of complex concepts. Medin and Schaffer (1978) stated that these 
categories are sorted out based on classification judgments. For instance, in a successive 
brightness discrimination problem, the alternative of ‘going right’ is selected if the choice 
stimuli are white and the option of ‘going left’ is chosen if they are black (Medin, 1975).  
 
Thus, based on the Context Theory of Classification Learning, the literature review, and 
research problem, the third hypothesis and its sub-hypotheses are set forth below, 
indicated in Figure 4.3. It demonstrates a three–stage process where low, medium and 
high building adaptation potentials represent three progressive thresholds. They 
correspond to three levels of renewal actions. For ease of the model management, the 
term ‘3R’: ‘Retaining’ (minor repair), ‘Renovating’ (major repair) and ‘Rebuilding’ 
(demolition and redevelopment) is used to rephrase the model. 
Hypothesis 3: Building adaptation potential should influence the choice of building 
renewal actions. 
Hypothesis 3.1: ‘Retaining’ should be a desirable renewal action when a building attains 
a low building adaptation potential. 
Hypothesis 3.2: ‘Renovation’ should be a suitable renewal option when a building has a 
medium building adaptation potential. 
Hypothesis 3.3: ‘Rebuilding’ should be a preferable renewal action when a building 


















4.3 Conceptual Framework 
The three hypotheses and their sub-hypotheses described in section 4.2 were incorporated 
into a theoretically conceptual framework for calculating Building Adaptation Potential 
(BAP) and establishing the quantitative relationship between BAP and BRA. In addition, 
Monte Carlo simulation was adopted to classify Building Adaptation Potential into three 
categories, namely, low, medium and high. It was also used to match these outcomes with 
three renewal actions of Retaining, Renovating and Rebuilding. The main reason is that 
building adaptation decision making involves high levels of uncertainty (Egbu, 1999) and 
Monte Carlo method has been proved to be useful in modelling phenomena with 
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Retaining with routine 
maintenance 
(Minor or routine 
maintenance of the interior 
or exterior of building 
flats, such as facades, and 
replacement of pipes, 
water taps, cisterns, hinges 
and switches) 





The Monte Carlo simulation allows us to imitate the interactions between uncertain 
inputs that are portrayed by a range of possible values or data that might not be normally 
distributed. The inputs of Monte Carlo simulation in this research comprise two parts. 
The first input is the rating for each attribute that is randomly yielded by computer. 
Another is an Attribute-Action Matrix obtained from survey (refer to Section 6.2 for the 
detailed discussion), which is used to aid the computer to determine the appropriate 
building renewal option. The result generated shows the entire range of possible outputs 
(Kelliher and Mahoney, 2000). The simulation of Monte Carlo would therefore lead to 
approximate estimation of the boundaries for the three alternatives based on the range of 
the BAP (for a detailed discussion, see Section 6.2).  
 
Figure 4.4 demonstrates the theoretical framework and shows how these five factors 
function in determining the BAP. The framework has three levels: factor level, criterion 
level and attribute level. In the factor level are included factors of housing obsolescence, 
occupants’ attitudes, urban planning policies, sustainability performance, and expected 
impacts. There are 12 criteria in the criterion level, such as occupants’ utility and 
occupants’ risk preference. In the attribute level, there are 36 attributes, such as 
occupants’ satisfaction with building conditions, building age, control of plot ratio, air 
pollution and maintenance cost saving potential in the long run. In order to make the BAP 
framework easy to remember, the acronym of the factors influencing the BAP is termed 
as ‘HOUSE’ by selecting the first letter from each factor, i.e. ‘H’ from housing 
obsolescence, ‘O’ from occupants’ attitude, ‘U’ from urban planning policies, ‘S’ from 
sustainability performance, and ‘E’ from expected impacts. In other words, the BAP 





Figure 4.4 also demonstrates the relationship between building adaptation potential and 
building renewal action. With the Monte Carlo simulation approach, building adaptation 
potential has been classified into three categories: low, medium and high. Based on 
Hypothesis 3.1 and its sub-hypotheses, the corresponding renewal actions for different 
scales of the BAP can be identified. In other words, a low BAP value would call for the 





































cost and extend useful 
life) 
 Improve energy 
efficiency, 
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 Building age 
 Structural and surface 
defects 
 Rental income level 
 Building services  
 Fulfilment of designed 
purpose 
 Flexibility of original 
design 
 Building height 
 Acoustic separation  
 Provision of means of 
fire escape  
 Aesthetic qualities (like 
appearance)  
 Compliance to current 
building regulations  
 Satisfaction with 
building quality 
 Satisfaction with 
building condition 
 Satisfaction with 
building facilities 
 Satisfaction with 
environment 
 Satisfaction with 
service  
 Occupant’s financial 
situation, awareness and 
knowledge of 
adaptation activities 
 Expectation of future 
benefits 
 Air pollution reduction 
 Energy saving  
 Maintenance cost 
saving  
 Increase in market 
value 
 Extension of useful 
life  
 Enhanced externality 
 Adaptation cost 
 Disruption time  
 Degree of disruption  
 
 Control of plot ratio 
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4.4 Summary  
Three major hypotheses were developed to identify the main causes of building 
adaptation activities, compute building adaptation potential and determine building 
renewal actions. Firstly, it was hypothesized that building adaptation may be influenced 
by building deterioration, housing obsolescence, and sustainable requirements. More 
specifically, it was important to find out whether building deterioration and housing 
obsolescence could be the main driving forces of building adaptation, while sustainable 
requirements, the facilitator of building adaptation.  
 
The second hypothesis is that building adaptation potential is determined by occupants’ 
attitude, housing obsolescence, prospective impacts, urban planning policies and building 
sustainability performance. The final hypothesis postulates that the scales of Building 
Adaptation Potential should influence the choice of building renewal action. By 
combining these hypotheses and their sub-hypotheses, a conceptual framework for this 
research was developed. It comprises the HOUSE model and ‘3R’ BRA model. They 
were designed to compute the building adaptation potential (BAP) for a specific building 















CHAPTER 5: RESEARCH DESIGN FOR HOUSE MODEL 
CONSTRUCTION AND VALIDATION 
5.1 Introduction 
This chapter presents the research method for the computation of the BAP and a 
structured hierarchy tree for its attributes, followed by the discussion about their data 
collection approach. It also explains the acquisition of importance weights and ratings of 
these attributes. The ‘HOUSE’ model for computing the BAP is then described. The 
method used for validating the HOUSE model is presented in the final section (the results 
of validation could be found in Section 9.5).  
5.2 Method for Building Adaptation Potential Computation 
Based on the discussion in Chapter 3, a number of attributes may be relevant for decision 
makers to consider when computing the building adaptation potential. These attributes 
are not equally important. For example, it may be more important for decision makers to 
consider a building with higher adaptation potential which expends more adaptation cost 
than one which consumes more energy. In addition, different buildings have varying 
degrees of prospective benefits arising from adaptation. For instance, a younger building 
may achieve a higher level of quality of life and an older building has less possibility to 
attain that. Therefore, decision makers may find it difficult to identify which buildings 
need to be adapted. These problems exist as human minds have limits on rationality 




highly complex issues, a structural framework is required to enable one to distinguish and 
select the most desirable option.  
 
Thus, it becomes necessary to introduce a tool that can help decision makers determine 
building adaptation potential. Six common types of multi-criteria decision making tools 
identified in the field of Decision Science are detailed below: 
(1) Multiple criteria discrete alternatives (MCDA) 
(2) Multi-attribute utility technique (MAUT) 
(3) Analytic hierarchy process (AHP) 
(4) Linear model incorporating multiple ratings 
(5) Fuzzy set model  
(6) Multi-attribute value technique (MAVT) 
 
The method of multi-criteria discrete alternatives is conducted by first listing a variety of 
attributes. All attributes receive the equal level of importance and respondents are asked 
to rate alternatives on each attribute (Kasma, 1987). The advantage of this method is that 
it is easy to use (Moselhi and Martinelli, 1990). However, it suffers from a major 
limitation in that the importance weight for each attribute is not differentiated.  
 
The second method of multi-attribute utility technique was proposed by Keeney and 
Raiffa (1976). It refers to gathering the utility functions of individual decision makers by 
evaluating their utility values over the various attributes and appraising the importance 




attitude towards risk can be reflected by the utility function. Nevertheless, it is difficult to 
obtain utility function in practice (Ling, 1998).  
 
Next, Satty (1977) pioneered the analytic hierarchy process and refined it in 1980 and 
1984. In this method, the problem under investigation is decomposed into a hierarchy to 
include all attributes and pair-wise comparisons are implemented on a nine-point ratio 
scale. The major advantage of this technique is that it is more acceptable to decision 
makers but its theoretical base is questioned by many researchers (Belton, 1986; Dye, 
1993). Another drawback is that it involves vast pair-wise comparisons (Jabri, 1990). For 
example, since this study involves 36 attributes, the number of pair-wise comparisons is 
1276.  
 
The fourth method of linear model incorporating multiple ratings requires decision 
makers to provide multiple ratings for each attribute and predict the possibility that each 
rating occurs. Thus, it is complex to apply in reality. In addition, Zadeh (1965) coined the 
fuzzy set method. Attributes are elicited in this method and weights are acquired by 
ranking or Likert scale. The Fuzzy theory is used to generate rating of one alternative 
against each attribute. This model intends to imitate reality in which alternatives may 
satisfy each attribute to varying degrees like ‘very poor’, ‘poor’, ‘good’ and ‘very good’. 
After utilising fuzzy code to rate all alternatives, mathematical approaches are adopted to 
convert these ratings to a value based on a 0 to 1 scale. An obvious advantage of this 
model is that “the decision approach more closely represents how people make decisions” 
(Ling, 1998, p.211). The method of the fuzzy sets model has several limitations. It easily 




computation and does not have a generally accepted approach to obtain importance 
weights (Ling, 1998). These techniques thus are not suitable for this study.  
 
Finally, a distinctive objective of the multi-attribute value technique (MAVT) of solving 
problems with multiple attributes is to “develop a scoring model, where each attribute is 
assigned a weight to reflect its importance” (Ling, 1998). Thereafter, the weighting is 
multiplied by the rating (Keeney and Raiffa, 1976; Ling, 1998). The output of this 
technique is to reflect the adaptation potential for a studied building while the inputs to 
the model are given below: 
(1) Attributes that need to be attained 
(2) Weight of each attribute 
(3) Rating for each attribute 
(4) An aggregation rule to compute the score for a given building 
 
In this study, the MAVT was used to compute Building Adaptation Potential (BAP). The 
MAVT has several advantages. Newman (1977) stated that the MAVT needed less time 
and effort compared with other techniques and had been widely adopted in various 
situations. For instance, the Committee on Construction Management of the ASCE 
(1987) applied the MAVT to rate the potential of construction managers according to the 
weighting and rating techniques. In addition, Hwang and Yong (1981) pointed out that 
the MAVT was a versatile tool in dealing with any kind of attributes, whether qualitative 
or quantitative. However, the MAVT also suffers from some limitations. One serious 
drawback is that a high rating from one attribute can be offset by a low rating from 




study will be identified and a careful examination of alternative candidates’ scores for 
these attributes will be implemented. Another limitation of the MAVT is that it “lacks the 
mathematical sophistication” (Newman, 1977, p.313). Considering the qualitative nature 
of building adaptation decision-making, this may be an advantage because it is easy for 
decision makers to adopt it in practice.  
5.2.1 Weight elicitation method for each attribute  
In this study, a Likert Scale (scores from -3 to 3) is employed to elicit the importance 
weight for each attribute, where -3 refers to a strongly negative impact, 0 means no 
impact, and 3 stands for a strongly positive impact. The seven-point Likert Scale has 
some advantages. First, it permits a wider spread of scores and greater precision (Tan, 
2004). Second, Ling (1998) argued that compared with a theoretical approach for 
deriving attribute importance, a practical approach like Likert Scale was much more 
simple and user-friendly for decision makers. Third, the Likert Scale is relatively 
straightforward for respondents to rank the level of importance of an attribute on a fixed 
scale (e.g. 7-point scale). It will stimulate respondents to provide more feedback on the 
questions asked compared to other approaches, such as rank weights and ratio rating. 
Unlike the Likert Scale, the approaches of equal weight or unit weight, trade-off method, 
direct assignment are wholly arbitrary and thus difficult to justify (Ling, 1998). Fourth, in 
this study, it is impractical to derive the value of the dependent variable; therefore, the 
method of multiple regression analysis is discarded. Last, the Likert Scale is widely 





However, the Likert Scale has some limitations. One is the variance in the perception of 
the points on the scale as respondents may not have the same scale of value (Ling, 1998). 
In order to reduce possible bias, decision makers with extensive experience in building 
renewal projects were asked to check the weights obtained during the HOUSE model 
validation process.  
 
After Likert scores were obtained, they were converted into mean importance ratings, 
then further converted into attributes weights (Ling, 1998). The following equations 
(from Equations 5.1 to 5.6) were adapted from Ling (1998). The mean importance rating 









  ….... Equation 5.1     
Where: 
a is the mean importance rating of an attribute, 
n1, n2, n3, n4, n5, n6, and n7 represent the number of subjects who rated the attributes as -3, 
-2, -1, 0, 1, 2, and 3. 
Thereafter, the mean importance rating of an attribute was normalized into the weight of 













   .…..   Equation 5.2    
Where: 
i is the attribute reference and there are m numbers of attributes under one criterion, 
wi is the weight of attribute i, and  
ai is the mean importance rating of attribute i obtained from Equation 5.1  




Thereafter, the mean rating of a criterion was normalised into the weight of a criterion 













   …...   Equation 5.3 
Where: 
j is the criterion reference, and there are n numbers of criteria under one factor, 
wj is the weight of criterion j, and  
aj is the mean importance rating of criterion j, given by Equation 5.4. 
(Note: if the value of aj is negative, its absolute value will be used in the denominator) 
 
The sum of the mean importance ratings for all attributes divided by the number of 
attributes under one criterion (m) generated the mean importance rating of a criterion, 









 1     ……  Equation 5.4 
Subsequently, the mean importance rating of a factor was normalised into the weight of a 













   …….  Equation 5.5 
Where: 
k is the factor reference, 





ak is the mean importance rating of factor k, given by Equation 5.6. 
(Note: if the value of ak is negative, its absolute value will be used in the denominator) 
 
Herein, the sum of the mean importance ratings for all criteria divided by the number of 













  ……     Equation 5.6 
5.2.2 Rating method  
Yoon and Hwang (1995) stated that rating is not a straightforward process and there 
exists different natural units for different attributes. These units may be expressed in a 
numerical (quantitative) or non-numerical (qualitative) manner. Each quantitative 
attribute may have different units of measurement. In fact, there are two approaches to 
rating the attributes, including the theoretical approach (Keeney and Raiffa, 1976) and the 
direct method (Dawes and Corrigan, 1974; Einhorn and Hogarth, 1975). Ling (1998) 
found that the theoretical method is not widely used while Olson et al. (1995) pointed out 
that decision makers prefer the direct method.  
 
The various direct methods include ranking, paired comparisons, simple rating scale, 
behaviourally anchored rating scales, and summated rating scales. The summated rating 
scales are perceived to be the most appropriate method in this study, because they assist 
decision makers in indicating the level at which the attribute is being attained and the 




method will allow attributes to be ranked on a numerical scale and mathematical 
computation can be performed (Ling, 1998). In this study, the summated rating scales 
highlighted above will be used for the qualitative attributes.   
 
Furthermore, Kometa (1995) developed a 0 to 100 scale (percentile score) to indicate the 





Motowidlo and Van Scotter (1994) also proposed a 0 to 100 scale to rate the respondents’  






Finally, it was Ling (1998) who used the Decile scores (scale of 0 to 10) to rate the 
attributes in her study and argued that raters might have difficulty assigning the percentile 
scores on such a broad scale. Furthermore, the normalized scale is so narrow that raters 
may have problems in rating criteria in decimals (Ling, 1998).  The Decile scale (0 to 10) 
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Figure 5.1: Rating scale used by Kometa (1995) 
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5.2.3 Aggregation method 
There are two techniques for aggregating the weights and ratings in the MAVT: the 
weighted product approach and the additive method (Ling, 1998). Keeney and Raiffa 
(1976) described the weighted product method, and pointed out that this method was 
implemented by multiplication of the attribute values with the respective weights. Yoon 
and Hwang (1995) found that decision makers were not familiar with the weighted 
product method and they were not trained for it. Therefore, the additive approach is 
adopted in this study. The additive model developed by Keeney and Raiffa (1976) and 
Yoon and Hwang (1995) is calculated “by multiplying the rating for an attribute by the 
importance weight assigned to the attribute and then summing up the products over all 








BAPBAP   ..….  Equation 5.7    
Where: 
BAP is the building adaptation potential for the building, and BAPk is given by Equation 
5.8. In order to make the BAP results of different buildings wider enough to be 
















rWWrWWrWWWBAP    ……  Equation 5.8 
Where: BAPk is the building adaptation potential obtained from the k
th
 factor, 
Wk is the importance weight of factor k, 
Wkp is the importance weight of criterion p under factor k, 
Wkph is the importance weight of attribute h under criterion p, 




5.3 Structuring Attributes into a Hierarchy Tree 
From section 4.2, it can be seen that there are 36 attributes that may be instrumental in 
the determination of building adaptation potential. These attributes can be classified into 
five categories: building occupants’ factor, housing obsolescence factor, prospective 
impacts factor, urban planning policies factor and building sustainability performance 
factor. A full description of these attributes is given in section 5.3.1.  
5.3.1 Attributes  
5.3.1.1 Building occupants’ factor (occupants’ utility and risk attitudes) 
 Occupants’ satisfaction with building qualities (SBQ) 
 Occupants’ satisfaction with building conditions (SBC) 
 Occupants’ satisfaction with building facilities (SBF) 
 Occupants’ satisfaction with building surrounding environment (SSE) 
 Occupants’ satisfaction with building services (SBS) 
 Occupants’ financial situation (OFS) 
 Occupants’ awareness and knowledge of adaptation activities (OAK) 
 Occupants’ expectation for value enhancement (OEV) 
 
5.3.1.2 Housing obsolescence  




 Building age (BA) 
 Degree of structural and surface defects (DSD) 
 Rental income level for existing building (RIL) 
 Building services (BS) 
 Suitability for use (SU) 
 Flexibility of original design (FOD) 
 Building height (BH) 
 Noise separation (NS) 
 Means of fire escape (MFE) 
 Appearance attractiveness (AA) 
 The ability of compliance to current building regulations (ACR) 
 
5.3.1.3 Expected impact factor 
 Reduction of air pollution in the long run (RAP) 
 Electricity saving potential in the long run (ESP) 
 Maintenance cost saving potential in the long run (MCS) 
 Increase in market value (IMV) 




 Enhanced externality (EE) 
 Adaptation cost (AC) 
 Inconvenience time (IT) 
 Degree of disruption (e.g. dust and noise) (DD) 
 
5.3.1.4 Urban planning factor 
 Control of plot ratio for future development (CPR)  
 Control of height limit for future development (CHL) 
 Transportation planning for future development (TP) 
 
5.3.1.5 Building sustainability factors 
 Electricity consumption (EC) 
 Water usage (WU) 
 Air pollution (AP) 
 Facilities for waste management (FWM) 
 Indoor environmental quality (IEQ) 
5.3.2 A Factor-Criterion-Attribute hierarchy tree  
To facilitate the computation of the BAP and aid decision makers to understand the 




in the intermediate level and attributes in the lowest level, was proposed (Figure 5.3). 
This hierarchy tree explicitly shows the relationship between factors, criteria and 
attributes. The factor level includes housing obsolescence, occupants’ attitudes, urban 
planning policies, sustainability performance and expected impacts. In the criterion level, 
there are 12 criteria. In the attribute level, there are 36 attributes. The full description of 
the acronym for each attribute is provided in section 5.3.1. 
 
A hierarchical structure was adopted to reveal the importance weights for attributes, 
criteria and factors for the following reasons. First, it follows the rationale defined in the 
multi-attribute value technique, which requires that a hierarchy tree is necessary to 
indicate the correlation between attributes, criteria and factors. Second, the determination 
of the BAP is a highly complex issue with a great deal of uncertainty. Thus, Comte and 
McCanna (1988) stated that when dealing with highly complex issues, a structural 
framework is required to enable people to make a suitable decision. Third, a hierarchy 
tree would simplify the presentation of the importance weights for individual elements 
(i.e. attribute, criterion and factor).  
 
The linkage between attributes and criteria are explained that follows. According to the 
theory of utility, attributes of occupants’ satisfaction with building quality (SBQ), 
satisfaction with building condition (SBC), satisfaction with building facilities (SBF), 
satisfaction with building surrounding environment (SBS) were identified to represent the 
criterion of occupants’ utility. Occupants’ risk attitude can be influenced by their 
financial situation (OFS), awareness and knowledge of adaptation activities (OAK) and 




In addition, there are six types of obsolescence under the factor of Housing 
Obsolescence. Based on the discussion in 4.2.2.3, attributes of building age (BA) and 
degree of structural and surface defects (DSD) are linked to physical obsolescence; rental 
income level for existing building (RIL) is an indicator of economic obsolescence; 
suitability for use (SU), building services (BS), flexibility of original design (FOD) and 
building height (BH) are able to indicate the status of functional obsolescence; noise 
separation (NS) and means of fire escape (MFE) are usually adopted to demonstrates the 
situation of technical obsolescence; to assess the criteria of social obsolescence and legal 
obsolescence, attributes of appearance attractiveness (AA) and the ability of compliance 
to current building regulations (ACR) respectively are used.  
 
Third, attributes of reduction of air pollution in the long run (RAP), electricity saving 
potential in the long run (ESP), maintenance cost saving potential in the long run (MCS), 
increase in market value (IMV), extension of physical life (EPL), enhanced externality 
(EE), adaptation cost (AC), inconvenience time (IT), degree of disruption (e.g. dust and 
noise) (DD) are regarded highly relevant to the assessment of expected impacts arising 
from renewal activities. They fall into two categories: positive impacts and negative 
impacts. The first six attributes belong to the first group and the last three attributes 
belong to the second group.  
 
Fourth, in order to assess building environmental sustainability, five attributes including 
electricity consumption (EC), water usage (WU), air pollution (AP), facilities for waste 
management (FWM), and indoor environmental quality (IEQ) are selected from the 




ratio for future development (CPR), control of height limit for future development (CHL) 
and transportation planning for future development (TP) are often chosen as indicators 
for demonstrating the planning of land and transportation.  
 
It is noted that the factors relevant in the determination of BAP are examined from 
different perspectives: user, building system, local environmental constraint and global 
environmental constraint; or they are examined from users’ profile, building profile, 
resource use profile and environmental impact profile. They jointly contribute to the 
potential that a building needs to be adapted. They may pull in the same direction. For 
example, housing obsolescence may increase inhabitants’ dissatisfaction with building 
service. Both factors would intensify the need that a specific building requires adaption 
actions if they pull in the same direction.  
 
Meanwhile, their corresponding assessment attributes should be evaluated separately to 
take into account their respective contributions to the BAP value. The purpose here is to 
sum the total contributions arising from individual attributes rather than to calculate the 
maximum value of their contributions. When these attributes pull in the same direction, 
for example, maintenance cost saving and energy saving, their impacts on the BAP 
should be added together. If they pull in opposite directions, for example, adaptation cost 





















































































































































































































































































































































































































































5.4 Data Collection Design for Attributes  
5.4.1 Survey research design 
Research design is the overall plan for getting from the research question to the 
conclusion and it acts as a guideline for data collection and analysis (Tharenou et al., 
2007). Rather than just a work plan, the function of research design is also to make sure 
that data collected enable us to answer the research question as unambiguously as 
possible (de Vaus, 2001). It addresses “the logic of scientific inquiry, a strategy for 
testing hypothesis or interpretative work, for understanding the phenomenon” (Tan, 2004, 
p.77). There are six common types of research designs, including case study, survey, 
experiment, correlation or regression research, causal-comparative research and historical 
research.  
 
 In this study, the survey was adopted as the main method to collect data for attributes 
because a well-designed survey is able to obtain the perception of decision makers 
towards the importance weights of attributes on the potential of building adaptation. 
Royse (2008) proposed that surveys are “snapshots of attitudes, beliefs, or behaviours at 
one point in time”. In addition, Tan (2004) stated that surveys are useful as they offer a 
rather efficient and quick method of acquiring information from the population.  
 The inappropriateness of other research designs is explained below:  
(1) Basically, case studies are more suitable for in-depth understanding of specific 
instances. In this study, however, approximately 270 prospective respondents are the 




(2) The focus of this research is to capture broad population features but not to 
manipulate pre-determined variables and find out the cause and effect relationships 
under various conditions. Thus experimental design and correlation or regression 
design are inappropriate in this study. 
(3) Limited study on the determination of building adaptation potential restricts the 
application of  historical analysis design, because historical analysis requires a large 
number of previous works in a similar domain to explain the past to draw lessons for 
the present and future (Tan, 2004).  
 
In this study, the data collection instrument is a structured questionnaire and data are 
collected using a face-to-face interview approach. The questionnaire can be divided into 
four parts (see APPENDIX A). The first section sought the characteristics of respondents, 
including their organisation, designation, years in practice and number of building 
renewal projects they had been involved in. The organisation of the respondents was 
asked for to identify the respondents’ responsibilities. The designation of the respondents 
was asked for to indicate the respondents’ calibre: policy maker or property manager. The 
number of years in property management practice was asked for to establish the level of 
reliability of the respondents’ response. The respondents were also asked for to indicate 
the number of building renewal projects they have participated or were involved in to 
determine whether the respondents had the relevant knowledge and experience to answer 
the questions.  
 
The second section sought respondents’ perception of the driving forces of building 




attitudes towards the importance rating of each attribute. These attributes were identified 
in section 5.3.1. According to the discussion in section 5.2.1, respondents were asked to 
indicate the importance of the attributes on a seven-point Likert Scale. The questions 
were designed as a ‘closed’ type rather than an ‘open’ type. Nkado (1995) asserted that 
respondents found it easier to answer closed type questions and this would increase the 
response rate. Besides, the closed format will limit and standardise the terminology and 
consequently simplify subsequent analysis.  
 
It is true that a personal interview survey has its limitations. First, respondents may not 
really think through the question before answering. Second, it may also suffer from the 
possibility of bias (Nkado, 1995; Tan, 2002). In this study, the first limitation was 
mitigated by briefing the respondents about the research, introducing them to the overall 
questionnaire, and explaining each attribute to make them comprehensively understand 
the concepts and purposes of the questions. Therefore, each interview would normally 
take about 2 to 3 hours. During the face-to-face interviews, tape recordings of the 
interviews with the interviewees were not permitted, thus written records were made 
accordingly during these sessions and minutes of the interviews were recorded. The 
possibility of bias was reduced by increasing the representativeness of the sample and 
promoting respondents’ interest through letting them foresee the benefits in filling in the 
questionnaires, such as eventually sharing the research findings with them.   
 
The last section sought respondents’ preference value for each building renewal action 
(i.e. retaining, renovating and rebuilding) under different scenarios (refer to Section 6.3.1 




5.4.2 Public housing policy makers and property managers sample 
The survey sample comprises policy makers in the HDB who are in charge of public 
housing renewal projects, and property managers in 16 town councils, whose major 
responsibilities are to maintain public housing and nominate public housing candidates to 
the HDB for renewal projects. The sampling framework consists of about 70 officers in 4 
HDB units (e.g. redevelopment scheme and upgrading scheme) and 200 property 
managers in 16 town councils. Since the decision making for adaptation projects is made 
by a committee, including HDB policy makers and property managers in Town Council, 
they were treated as a single sampling framework. 
 
Based on the Singapore Government Directory, the list of professionals and their office 
contacts were derived. I followed up with phone calls based on the list. There are four 
Upgrading Construction Management Unit 1, Unit 2, Unit 3 and Unit 4 in the Housing 
and Development Board (HDB). For the decision makers in HDB, I called them in each 
Upgrading Construction Management Unit; fifteen professionals responded and eight of 
them agreed to participate in this research. They have experience in building adaptation 
in the past five years and have heterogeneous backgrounds like architecture, engineering 
and property management.  
 
In addition, there are 87 divisions under the 16 town councils in Singapore and the 
number of divisions and property managers in each town council varies. For example, 
there is only 1 division in Hougang TC and Potong Pasir TC because they are Single 
Member Constituency town councils. I called these two councils and each has one 




Group Representation Constituency towns like Tampines TC (with 5 divisions or less), in 
total 12 property managers responded and 8 of them agreed to participate in the survey. 
For large towns like Sembawang TC, in total 35 property managers responded and 31 of 
them agreed to participate in the survey. In total, 41 property managers in 16 town 
councils who have been involved in nominating buildings to the HDB for renewal in the 
past five years were interviewed. At least one property manager from each town 
participated in the survey to ensure the representation. The survey population and sample 
structure is provided in Table 5.1.   
Table 5.1: Population and Sample 
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1 Potong Pasir TC (1 division) 3 1 
2 Hougang TC (1 division) 1 1 
3 Tampines TC (5 divisions) 10 2 
4 Bishan-Toa Payoh TC (5 divisions) 5 1 
5 Jalan Besar TC (5 divisions) 5 2 
6 Jurong TC (4 divisions) 14 2 
7 Aljunied TC (5 divisions)  6 1 
8 Sembawang TC (10 divisions) 24 3 
9 Pasir Ris-Punggol TC (7 divisions)  17 4 
10 West Coast TC (6 divisions) 18 3 
11 East Coast TC (6 divisions) 10 4 
12 Tanjong Pagar TC (6 divisions) 13 4 
13 Ang Mo Kio-Yio Chua Kang TC (8 divisions) 8 2 
14 Marine Parade TC (6 divisions) 20 3 
15 Holland-Bukit Panjang TC (6 divisions) 19 5 
16 Hong Kah TC (6 divisions) 27 3 
                                                                         Total 270 49 
Sources: HDB (2011c); Singapore Government Directory (2012)  
One limitation of the sampling design is that as the number of property managers in each 




town also varies; but it might not be able to ensure the equal chance of each property 
manager being selected in the survey.  
5.4.3 Pilot study  
A pilot study refers to a feasibility trial of a full-scale study or ‘trying out’ of a particular 
research method such as questionnaire or interview (Baker, 1994; Polit et al., 2001). It is 
an integral portion of good research and its implementation would greatly increase the 
likely success of the final study (van Teijlingen and Hundley, 2001). Following Lim and 
Low (1992), Ling (1998) carried out her pilot study among a small sample before the 
full-scale industry wide questionnaire survey. The primary goals of a pilot study are to 
ensure that: 
 the questionnaire designed is appropriate and comprehensive; 
 the data collected are reliable;  
 the data collected are meaningful for subsequent analysis; and  
 the strategy adopted for the survey is feasible (Kometa, 1995).  
 
After the pilot study, the questionnaire could be modified to make the questionnaire clear 
and understandable. The strategy could be adjusted to smoothly carry out the survey. The 
pilot study of this research involves two phases. In the first one, in-depth interviews with 
two policy makers in the HDB and one property manager in a town council were 
conducted to seek their perception of the attributes identified from the literature so as to 
determine relevant attributes that should be taken into account in this research. The first 




accuracy, phrasing, sequencing, and layout of the questionnaire. The feedback from the 
pilot study is summarised as follows: 
(1) The professionals believe that the proposed attributes are comprehensive, because 
these attributes reflect occupants’ perspective, the building system, impacts arising 
from building renewal projects, urban planning policies and building sustainability 
performance. They fully understand the terminology and concepts defined in the 
questionnaire because these concepts are commonly used in the Singapore public 
housing adaptation practice.  
(2) Several minor refinements have been proposed by the professionals, which have been 
incorporated into the questionnaire prior to the full-scale interview survey. 
(3) The professionals also suggested some practical ways to contact the potential 
respondents in this study.  
 
In the second phase, a pilot study was implemented in December 2010 to test the research 
process, such as the ways of communication during interviews.  
5.5 Acquiring Importance Weights for Attributes  
Respondents were asked to provide a mean importance rating for each attribute based on 
a seven-point scale (where: -3—strongly negative impact, 0—neutral, 3—strongly 
positive impact). After the mean importance ratings for attributes were obtained, the 













a is the mean importance rating of an attribute, 
n1, n2, n3, n4, n5, n6, and n7 represent the number of subjects who rated the attributes as  
-3, -2, -1, 0, 1, 2, and 3. 













          ……  Equation 5.10         
Where: 
h is the attribute reference and there are m number of attribute under one criterion, 
wh is the weight for attribute h, and  
ah is the mean importance rating of attribute h obtained from Equation 5.9.  
5.6 Rating Attributes  
Yoon and Hwang (1995) pointed out that rating is not a straightforward process and there 
exists heterogeneous natural units for different attributes. These units may be expressed 
in a quantitative or a qualitative manner. In fact, there are two types of approaches to 
rating the attributes, including theoretical approaches (Keeney and Raiffa, 1976) and 
direct methods (Dawes and Corrigan, 1974; Einhorn and Hogarth, 1975). Ling (1998) 
found that the theoretical method is not widely used while Olson et al.(1995) observed 
that decision makers prefer the direct method.  
 
Following the practice of Ling (1998), the 36 attributes in this study were rated based on 
the 10-point Likert Scale from 0 to 10, because it allows a wider range for decision 
makers to evaluate the rating performance for specific buildings, for there are a great 
number of building candidates that are in constant need for adaptation (more than 1 




instance, the rating of the attribute ‘occupants’ satisfaction with building qualities’ would 
be from 0 to 2 if it is unacceptable, from 3 to 4 if it is tolerable, from 5 to 6 if it is 
average, from 7 to 8 if it is satisfactory, and from 9 to 10 where it is very satisfactory. 
The same principle was applied to the ratings of the remaining attributes.  
Table 5.2: The rating system in the MAVT 
1.1 Satisfaction with building 
qualities (e.g. interior 
design, function, etc.) 
0 1 2 3 4 5 6 7 8 9 10 
Unacceptable Tolerable Average Satisfactory Very 
satisfactory 
1.2 Satisfaction with building 
conditions (structural or 
surface defects ) 
0 1 2 3 4 5 6 7 8 9 10 
Unacceptable Tolerable Average Satisfactory Very  
satisfactory 
1.3 Satisfaction with building 
facilities  
0 1 2 3 4 5 6 7 8 9 10 
Unacceptable Tolerable Average Satisfactory Very  
satisfactory 
1.4 Satisfaction with 
surrounding environment  
0 1 2 3 4 5 6 7 8 9 10 
Unacceptable Tolerable Average Satisfactory Very  
satisfactory 
1.5 Satisfaction with building 
services  
0 1 2 3 4 5 6 7 8 9 10 
Unacceptable Tolerable Average Satisfactory Very  
satisfactory 
1.6 Occupants’ financial 
situation 
0 1 2 3 4 5 6 7 8 9 10 
Very poor  Poor  Average  Good  Very good  
1.7 Occupants’ awareness and 
knowledge of adaptation 
activities 
0 1 2 3 4 5 6 7 8 9 10 
Very low  Low  Neutral  High  Very high 
1.8 Occupants’ expectation of 
value enhancement  





Neutral  Optimistic   Very 
optimistic  
2.1 Building age 0 1 2 3 4 5 6 7 8 9 10 
Very new  New  Neutral  Old  Very old  
2.2 Degree of structural and 
surface defects  
0 1 2 3 4 5 6 7 8 9 10 
Very low  Low  Neutral  High  Very high  
2.3 Rental income level of the 
existing building 
0 1 2 3 4 5 6 7 8 9 10 
Very low  Low  Neutral  High  Very high  
2.4 Building services (i.e. lift)  0 1 2 3 4 5 6 7 8 9 10 
Very poor  Poor  Neutral  Good  Very good  
2.5 Suitability for use  0 1 2 3 4 5 6 7 8 9 10 
Very low  Low  Neutral  High  Very high  
2.6 Flexibility of original 
design  
0 1 2 3 4 5 6 7 8 9 10 
Very low  Low  Neutral  High  Very high  




Very short  Short  Medium  Tall  Very tall  
2.8 Acoustic separation 0 1 2 3 4 5 6 7 8 9 10 
Very poor Poor Neutral Good Very good 
2.9 Means of fire escape  0 1 2 3 4 5 6 7 8 9 10 
Very poor  Poor  Neutral  Good  Very good  
2.10 Appearance attractiveness  0 1 2 3 4 5 6 7 8 9 10 
Very poor  Poor  Neutral  Good  Very good  
2.11 The ability for the 
building to comply with 
current building 
regulations  
0 1 2 3 4 5 6 7 8 9 10 
Very poor  Poor  Neutral  Good  Very good  
3.1 Reduction of air pollution 
in a long run 
0 1 2 3 4 5 6 7 8 9 10 
Very low  Low  Neutral  High  Very high  
3.2 Electricity saving 
potential in a long run 
0 1 2 3 4 5 6 7 8 9 10 
Very low  Low  Neutral  High  Very high  
3.3 Maintenance cost saving 
potential in a long run 
0 1 2 3 4 5 6 7 8 9 10 
Very low  Low  Neutral  High  Very high  
3.4 Increase in market value 
for the flat 
0 1 2 3 4 5 6 7 8 9 10 
Very low  Low  Neutral  High  Very high  
3.5 Extension of building life 
span  
0 1 2 3 4 5 6 7 8 9 10 
Very low  Low  Neutral  High  Very high  
3.6 Enhanced externality  0 1 2 3 4 5 6 7 8 9 10 
Very low  Low  Neutral  High  Very high  
3.7 Maintenance cost 0 1 2 3 4 5 6 7 8 9 10 
Very cheap Cheap  Neutral  Expensive Very 
expensive  
3.8 Inconvenience time 0 1 2 3 4 5 6 7 8 9 10 
Very short Short  Neutral  Long  Very long  
3.9 Degree of disruption (e.g. 
dust and noise) 
0 1 2 3 4 5 6 7 8 9 10 
Very low  Low  Neutral  High  Very high  
4.1 Control of plot ratio for 
future development 
0 1 2 3 4 5 6 7 8 9 10 
Very relaxed  Relaxed  Neutral  Restricted Very  
restricted 
4.2 Control of height limit  
for future development 
0 1 2 3 4 5 6 7 8 9 10 
Very relaxed  Relaxed  Neutral  Restricted Very  
restricted 
4.3 Transportation planning 
for future development   
0 1 2 3 4 5 6 7 8 9 10 
Very relaxed  Relaxed  Neutral  Restricted Very  
restricted 
5.1  Electricity consumption 
(EC) 
0 1 2 3 4 5 6 7 8 9 10 
Very low  Low  Neutral  High  Very high 
5.2 Water usage (WU) 0 1 2 3 4 5 6 7 8 9 10 
Very low  Low  Neutral  High  Very high 
5.3 Air pollution (AP) 0 1 2 3 4 5 6 7 8 9 10 






5.7 HOUSE Computation Model  
5.7.1 Calculating the aggregate score 
As discussed in section 5.2.3, the BAP value depends on the weights of individual 
attributes, criteria and factors, rating values of individual attributes and aggregation rule. 
While the weights and the aggregation rule were established, only the rating values (ri) 
for specific buildings are needed when applying this model into practice.  








BAPBAP   ..….  Equation 5.7   
Where: 
BAP is the building adaptation potential for the building, and BAPk is given by Equation 
5.8. In order to make the BAP results of different buildings wider enough to be 
















rWWrWWrWWWBAP   ……  Equation 5.8 
Where: 
BAPk is the building adaptation potential obtained from the k
th
 factor, 
wk is the importance weight of factor k, 
wkp is the importance weight of criterion p under factor k, 
wkph is the importance weight of attribute h under criterion p, 
5.4 Facilities for waste 
management (FWM) 
0 1 2 3 4 5 6 7 8 9 10 
Very poor Poor  Neutral  Good  Very good  
5.5 Indoor environmental 
quality (IEQ) 
0 1 2 3 4 5 6 7 8 9 10 




rkph: The rating given to the attribute h under criterion p. 
5.8 Validation of the HOUSE Model  
5.8.1 Purpose of validation  
Cusack (1984) noted that after a model had been developed, it should be validated prior 
to its implementation. He suggested the data set used for validating the model should be 
different from that used in developing the model so as to avoid re-using defective data. In 
this study, the aim of validating the model is to justify whether the HOUSE model has the 
capability to compute adaptation potentials for buildings. Ling (1998) also noted that 
checking on the model is needed to identify errors and weaknesses. 
5.8.2 Validation methods by others 
A model can be validated for various degrees of rigor. At the very least, new 
professionals should be invited to comment on the robustness of the model. For instance, 
Teo and Lin (2010) validated the building adaptation potential index model by inviting a 
limited number of professionals to provide their general comments on the model.  
Besides, Tam and Harris (1996) conducted three less rigorous interviews with potential 
model users for their general comments on the model for assessing building contractors’ 
performance.  
 
For a more rigorous objective, a model should be validated by comparing the result of a 
separate measurement with the outcome of the model and see whether the latter has the 
ability to reach similar conclusions. Ling (1998) carried out the Consultant Selection 




select consultants based on their own experience, and to compare the outcomes with the 
output generated by the model. Chan (1995) validated his model for the selection of 
procurement method through comparing the model’s choice with the actual choice made 
by 26 decision makers. This validation method is more advantageous because it 
demonstrates the model’s viability of revealing decision makers’ preference. This method 
assumes that decision makers in general would make the correct choice and thus it is 
worthwhile to compare the model’s choice with theirs (Ling, 1998).  
5.8.3 HOUSE model validation  
Thus, five new sets of professionals from the same population who have not participated 
in the first and second stages of this study were invited to comment on the robustness of 
the HOUSE model. The sample size of five professionals is perceived to be adequate for 
the validation of developed models, complying with the triangulation notion 
(Hammersley and Atkinson, 1983), which requires that information about a single 
phenomenon should be obtained from at least three different techniques. Experiences 
from other studies (Imriyas et al., 2007; Liu and Ling, 2005) also claim that the validation 
by five experts may be effective in verifying the developed models.  
 
In addition, they were also asked to evaluate the adaptation potentials for public buildings 
based on their own experience. Subsequently, they computed the BAP values of these 
buildings by referring to the HOUSE model. These computation processes were 
automatically carried out by inputting the data into the Microsoft Excel to avoid tedious 
computation processes. The outcome of the professionals’ evaluation was compared to 




5.8.4 Sensitivity analysis  
Flanagan and Norman (1993, p.97) noted that sensitivity analysis is a good tool to 
determine the “impact of a change in a single risky variable” on the total, assuming that 
other things remain constant. It is important to identify the sensitivity of the results to 
weights because the weights were obtained from value judgements and are subject to 
subjective numbers (Edwards and Barron, 1982).   
 
The sensitivity analysis in this study was executed with the unit weighting analysis and 
variation of weights at the ‘factor’ level was conducted to simplify the analysis, because 
Kometa et al. (1996) and Ling (1998) highlighted that variation of weights at the 
‘attribute’ level would make the sensitivity analysis very complex.  
5.9 Summary  
In this study, the multi-attribute value technique (MAVT) was used to compute building 
adaptation potential (BAP) because of its widely accepted advantages in structuring 
complex issues. The inputs for the MAVT include 36 attributes that need to be attained, 
the weight of each attribute, the rating for each attribute, and an aggregation rule to 
compute the score for a given building. First, a seven-point Likert Scale (scores from -3 
to 3) was adopted for revealing the impacts of different attributes on building adaptation 
potential as it permits a wider spread of scores and greater precision. Second, the 
summated rating scales were found to be the most appropriate method in this study to rate 
attributes using Decile scores (scale of 0 to 10). Third, the additive approach was adopted 




score for a building. As a result, a factor-criterion-attribute structure was established to 
show the relationships among factors, criteria and attributes.  
 
The importance rating of each attribute was collected through a personal interview survey 
with structured questionnaires. Some 49 policy makers in both the HDB and town 
councils were interviewed. A two-phase pilot study was implemented before a full scale 
of interviews commenced. Having identified the importance rating of each attribute, the 
importance weights of each attribute, criterion and factor were then computed. These 
importance weights, along with the rating of each attribute, provided the basis for the 














 CHAPTER 6: RESEARCH DESIGN FOR ‘3R’ BRA 
MODEL CONSTRUCTION AND VALIDATION 
6.1 Introduction  
This chapter presents the method for establishing the relationship between building 
adaptation potential and building renewal action. The data collection method for the 
preference values of the three renewal actions is discussed. This leads to the 
establishment of an Attribute-Action Database which provides a technique for the 
determination of a desirable renewal action for a building with a given BAP value. The 
rationale for a ‘3R’ BRA (retaining, renovating and rebuilding) selection model 
construction is also presented. This model is then validated by inviting five professionals, 
those not consulted in the first and second stages of the survey, to comment on the 
model’s robustness and to compare the outcomes from their own measurement and the 
output generated by the model (the results of validation could be found in Section 10.5).  
6.2 Monte Carlo Simulation Method for Determining Building Renewal Action 
The calculation of the BAP and the determination of building renewal actions involve 
high levels of uncertainty (Boyd and Jankovic, 1992; Egbu, 1999; Holm, 2000), the 
statistical properties of this question depend upon unrealistic conditions like the 
availability of a large sample or ideal distributional assumptions for variables. Under 
such circumstances, Monte Carlo methods are able to fill the gap and provide analytical 
results. Monte Carlo methods have proved useful in modelling phenomena with 




with asymptotic theory. Monte Carlo methods are set up as an experiment, where we 
gather data to test specific theoretically derived hypotheses (Parton et al., 2011). 
 
In this study, Monte Carlo method is employed to forecast beyond the known data points 
and derive the range of outcomes expected (Whiteside, 2008), and to generate random 
objects and processes to observe their behaviour (Kroese and Rubinstein, 2012). 
Specifically, Monte Carlo simulation is executed to imitate the interactions between 
building adaptation potential and building renewal action by use of random numbers in a 
calculation that has the structure of a stochastic process (Malvin and Whitlock, 2004). 
The design of the Monte Carlo simulation involves five steps below:  
(1) Step 1: Developing a theoretically research hypothesis 
The research hypothesis—Building adaptation potential should influence the choice of 
building renewal actions, was developed to guide the design and the analysis of the 
simulation (Parton et al., 2001). The hypothesis is illustrated in Figure 6.1. The Monte 
Carlo simulation classifies building adaptation potential into three categories: low, 
medium and high potential, based on the inputs both from the computer and the decision 
makers. For each category of the BAP, the corresponding renewal action—retaining, 
























(2) Step 2: Creating a model 
In the Monte Carlo methods, there are a class of computational algorithms that rest on 
repeated random sampling to approximately compute their outcomes. The term ‘Monte 
Carlo method’ was first coined by Stanislaw Ulam in the 1940s. McDoniel and 
Monteleone (2001) applied the Monte Carlo method to compare different marketing 
allocation actions to determine which one has the most profitable output. Richter et al. 
(2002) also used the Monte Carlo method to construct a model to help doctors choose a 




Figure 6.1: ‘3R’ BRA model for establishing the relationship between BAP and BRA 




























the optimal sequencing of drug regimens. Hoesli et al. (2006) adopted the Monte Carlo 
method in addressing the uncertainty in evaluating the varying values of properties. 
Whiteside (2008) employed the Monte Carlo simulation in forecasting of market trends 
like labour, equipment and material assuming that there exist changing policies, 
regulatory regime and unintended consequences in market dynamics. It provided 
guidance for decision makers to understand about how the market would react when 
certain assumptions and data (independent variables) are considered. 
 
The Monte Carlo simulation can generate a range of outcomes relying on a set of random 
inputs. The inputs in this study consist of two parts. First, the rating for each attribute will 
be randomly yielded by computer. Based on Equation 5.7 and Equation 5.8, each 
simulation would thereby produce a certain value of Building Adaptation Potential 
(BAP). For each output of the BAP, an Attribute-Action Matrix derived from the 
Attribute-Action Database (discussed in Section 6.4) is utilised to help the computer 
decide the desirable building renewal option (shown in Figure 6.2) and the detailed 






















th attribute (i=1,2,…,36) 
j: The j
th
 building renewal action (j=1,2, 3) 
ri: The rating given to the i
th
 attribute 
Aij: The preference value assigned to the i
th
 attribute for the j
th
 building renewal action  
For a given set of attributes values, the total preference value assigned by decision 
makers for each action (i.e. Retaining, Renovating and Rebuilding) will be computed by 
Equation 6.1.  
PVj =Σ(Aij)×10    ……   Equation 6.1 
Where: PVj is the total preference value for the j
th
 building renewal action 
 (3) Step 3: Defining specific experimental conditions and parameters 
With a target model in place, the next step is to define the experimental conditions and 
determine the parameters in the simulation. One of the most important experimental 
conditions is sample size (Parton et al., 2001). Given the complex and uncertain nature of 
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sample (N) defined in this study is 10,000. The next issue is the distribution of the 
observed variable (rating value, ri). It is assumed in this study that ri follows the unit 
normal distribution with μ = 0 and σ 2 = 1. Meanwhile, according to the discussion in 
section 5.6, the range of ri is from 0 to 10. 
(4) Step 4: Executing the simulation 
With a target model designed and the parameters and conditions defined, the simulation 
is implemented. The computer draws repeated samples of size N from that population 
and. For instance, for a given value of Building Adaptation Potential (BAP), the desired 
building renewal action will be chosen by computing the Maximum (PV1, PV2, PV3). 
This procedure is strictly followed in the entire simulation process. Each simulation 
would lead to a choice of a desirable building renewal alternative. As a result, the 
distributions of three renewal alternatives—Retaining, Renovating and Rebuilding can be 
approximately estimated. These distributions would be helpful in identifying the 
boundary values of the three renewal actions. Here, the variables of x and y were used for 
representing the boundary values. 
 (5) Step 5: Verification  
Once the simulation is completed, a sensitivity analysis of the 3R BRA model was 
implemented by altering the simulation sample to test the stability of the simulation 
results. The sample size will change from 10,000 to 1,000 and 500 respectively.  
(6) Summarizing the results 
Once the simulation is finished, results obtained and the data verified, it is important to 




necessary to present the relevant output in a concise and simple manner. In this study, a 
graphical technique in terms of diagram is employed to present the data, as it can 
succinctly demonstrate the findings.”  
6.3 Data Collection for Action Preference Value     
6.3.1 Interview survey with structured questionnaire  
An interview survey was adopted to seek respondents’ perceptions of the preference 
value for three renewal actions under different scenarios of attributes. 
  
Following the discussion in section 5.4.1, the fourth part of the questionnaire document 
(in APPENDIX A) was designed to seek respondents’ choice of preference value for the 
three renewal actions under different scenarios of attributes; each attribute has five 
scenarios. For each scenario, respondents were asked to indicate their preferences for 
individual renewal actions based on a five-point Likert Scale, where 1 refers to no 
preference, 2 means slight preference, 3 stands for neutral, 4 refers to relatively strong 
preference and 5 stands for strong preference. The fourth part of the questionnaire is 
about 5 pages, which is the longest section within the entire questionnaire design. The 
purpose is to derive an Attribute-Action Database from the survey results.  
6.3.2 Public housing policy makers and property managers sample 
  As discussed in section 5.4.2, the sample for the surveys in this study comprises policy 
makers in the HDB and property managers of town councils. The sampling framework 
consists of 70 policy makers in HDB units and 200 property managers in 16 town 




different town councils agreed to participate in the survey. The policy makers 
interviewed include architects, engineers and estate managers. The town councils island-
wide were visited. Thus, the sample size is very representative.  
 
Each interview normally took about 2 to 3 hours. A brief introduction about this research 
and a short opening discussion were carried out at the beginning of each interview so as 
to mitigate potential response bias and consequently enhance the reliability and validity 
of survey data (Robson, 2002).  
6.4 Establishing Attribute-Action Database   
Based on the interview survey results (part 4 of the questionnaire), respondents’ 
preference values towards the three actions were identified. Table 6.1 presents these 
values for a hypothetical example. For instance, in terms of the attribute of “Occupant’s 
satisfaction with building quality”, under the category ‘unacceptable’ ([0, 2]), the 
preference values assigned to the actions ‘Retaining’, ‘Renovating’ and ‘Rebuilding’ are 
1, 2 and 5 respectively. Under the category ‘very satisfactory’ ((8, 10]), however, the 
values for ‘Retaining’, ‘Renovating’ and ‘Rebuilding’ are 5, 3 and 1 respectively.  
Table 6.1: A hypothetical example about how to derive the Attribute-Action Database 
No  






Renovating  Rebuilding  
 
  1—no preference; 5—strong preference 
1.1  Satisfaction with building quality   
1.1.1 Unacceptable        [0, 2]  1  2  3  4  5  1  2  3  4  5  1  2  3  4  5  
1.1.2 Tolerable               (2, 4]  1  2  3  4  5  1  2  3  4  5  1  2  3  4  5  
1.1.3 Acceptable            (4, 6]  1  2  3  4  5  1  2  3  4  5  1  2  3  4  5  
1.1.4 Satisfactory           (6, 8]  1  2  3  4  5  1  2  3  4  5  1  2  3  4  5  





These values were further normalised to show respondents’ average preference values for 
individual actions under each scenario. The normalised results led to the construction of a 
Attribute-Action Database (please refer to section 10.2.2 for details). The formation of 
this database provides the basis for predicting the relationship between Building 
Adaptation Potential (BAP) and Building renewal action (BRA). It also offers the 
foundation for deriving the Attribute-Action Matrix discussed in the following section.  
6.5 ‘3R’ BRA Selection Model  
Because different scales of renewal strategies correspond to an ascending hierarchy of 
building adaptation potential thresholds, a ‘low’ building adaptation potential level would 
call for the action of retaining, a ‘medium’ building adaptation potential level for 
renovation, and a ‘high’ building adaptation potential level for rebuilding. Assumed that 
the range of the Building Adaptation Potential (BAP) is from a to b, if a building 
achieves the minimal BAP which implies that the studied building functions very well to 
accommodate the needs of our society, ‘retaining’ will be a viable renewal choice to 
optimise the sustainability for an existing building stock. The underlying reason is that 
this renewal action requires less input and preserves good sustainability performance. On 
the contrary, if a building attains the maximal BAP which means that the studied building 
is no longer fit for living, the renewal option of ‘rebuilding’ should be considered. The 
problem about how to select a desirable building renewal action based on the value of the 
BAP (ranging from a to b) thus becomes the issue about how to determine the boundaries 





Based on the discussion in section 6.2, the boundary values of x and y can be estimated 
through the Monte Carlo simulation. The revelation of x and y values would help 
decision makers to select a viable renewal action for a given building with a certain BAP 
result. That is, if a BAP value is within the interval of a to x (i.e. [a, x]), the alternative of 
‘Retaining’ is preferred to other alternatives; within the interval of x to y (i.e. (x, y]), the 
alternative of ‘Renovating’ has the highest priority and in the interval of y to b (i.e. (y, 




Figure 6.3: Boundaries for the three building renewal actions 
(where x and y are two unknown constants) 
 
6.6 Validation of ‘3R’ BRA Model 
6.6.1 Purpose of validation  
As discussed in 5.8.1, a model should be rigorously validated through some scientific 
means before it can be applied into practice (Cusack, 1984). At the same time, it was 
worth noting that the techniques used for developing the model cannot be repeatedly 
adopted for the sake of validation, so a different set of data should be collected to avoid 
re-using flawed data. In this study, the objective of validating the 3R BRA model is to 
justify whether it is capable of determining the boundaries for the three building renewal 
actions—‘retaining, renovating and rebuilding’ based on BAP value, and of suggesting 
b y a x 
  Retaining  Renovating  Rebuilding 
BAP 




the most suitable building renewal action. Another objective is to identify its potential 
errors and limitations (Ling, 1998). 
6.6.2 ‘3R’BRA model validation 
In this study, five professionals who have not taken part in the early stages of the survey 
described in section 5.3.1 were asked to comment on the capability and robustness of the 
‘3R’ BRA model. Five professionals were invited for two reasons. First, it complies with 
the triangulation notion coined by Hammersley and Atkinson (1983). Another reason is 
that other studies such as Imriyas et al. (2007) and Liu and Ling (2005) have also claimed 
that the validation by five professionals might be reliable in verifying the developed 
models. 
 
Furthermore, these professionals were also requested to provide public buildings that 
have undergone different levels of adaptation. In the next step, they applied the ‘3R’ 
BRA model to these buildings and determined which renewal actions should be adopted 
for individual buildings. The determination processes were carried out by comparing each 
building’s BAP value with the boundary values identified in section 5.5 and choosing a 
suitable renewal action for the building. The output derived from the professionals’ own 
measurement was then compared to the outcome generated by the ‘3R’ BRA model. The 
goodness-of-fit test was performed to decide if the model was able to predict the 




6.6.3 Sensitivity analysis  
Sensitivity analysis is an approach for systematically altering the inputs of a model to 
identify the influences of such alterations (Kincaid, 2002). In this study, the sensitivity 
analysis of the 3R BRA model was executed by changing the simulation sample to test 
the stability of the simulation results. The sample size will change from 10,000 to 1,000 
and 500 respectively.  
6.7 Summary  
The Monte Carlo simulation method was used to reveal the relationship between building 
adaptation potential and building renewal action because Monte Carlo methods have 
proved useful in mimicking phenomena with substantial uncertainty in inputs. A key 
input of the Monte Carlo simulation approach is preference values for three renewal 
actions, which were obtained through a face-to-face interview approach involving 49 
decision makers in charge of public housing renewal projects in Singapore.  
 
Furthermore, a personal interview survey led to the construction of the Attribute-Action 
database, which provides a basis for determining desirable renewal actions for buildings. 
More specifically, the distribution of the three renewal actions was revealed through 
Monte Carlo simulation and the boundary values of the three renewal actions could then 





CHAPTER 7: DATA PROCESSING AND ANALYSIS  
7.1 Introduction  
As explained in the preceding two chapters, a face-to-face interview approach is 
employed to collect data for this research. This chapter outlines the interviewees’ 
characteristics. The next section processes these data into information required for 
subsequent analysis. The reliability of the interview survey results is examined. Apart 
from the driving forces for building adaptation proposed in the survey document, 
additional driving forces are documented in this chapter. Comments on the HOUSE 
model and ‘3R’ BRA model from the interviewees are discussed in the last section.  
7.2 Interviewees’ Characteristics  
7.2.1 Nature of interviewees’ organisations  
The Development and Procurement Department within the HDB is responsible for public 
housing renewal in Singapore, including upgrading programmes and redevelopment 
programmes. The department has four Upgrading Construction Management units and 
each specialises in different types of programmes. Therefore, decision makers from this 
department were approached. It has 70 decision makers and 8 of them were interviewed. 
 
In addition, the rest of the respondents are from 16 town councils in Singapore. These 
town councils are responsible for management of public housing. In other words, they 
help formulate and implement housing policies that support the building of communities, 




There are 200 property managers in these town councils and 41 of them were 
interviewed.  
7.2.2 Designation  
7.2.2.1 Policy makers in the HDB 
Table 7.1: Designation of policy makers in the HDB 
S/N Name of organisation Designation 
1 HDB Property manager       
2 HDB Property manager     
3 HDB Professional        
4 HDB Professional         
5 HDB Professional         
6 HDB Policy maker         
7 HDB Policy maker         
8 HDB Ang Mo Kio Branch office Senior property officer 
 
From Table 7.1, it was noted that the interviewees from the HDB hold different positions, 
including policy maker, property manager, senior property officer and other senior 
professionals. Furthermore, they work in different units that are jointly responsible for 
building renewal projects. In the HDB, building adaptation decisions are usually made by 
a committee that is composed of policy makers, property managers and professionals 
(such as engineers, architects and service managers). This result indicates that the 
interviewees’ answers to the questions defined in the survey form can represent the 
perceptions of decision makers in the HDB. 
7.2.2.2 Property managers from town councils 
Table 7.2 shows that the majority of the interviewees from town councils are senior 
property managers, accounting for 82.92% of interviewees from town councils. Three of 




including property management. The general manager of Holland-Bukit Panjang TC is 
the secretary-general of 14 People’s Action Party’s town councils. Four of them are 
deputy general managers whose major responsibility is to assist the general manager in 
town council management. Moreover, the remaining property managers interviewed are 
responsible for substantial public housing estates, at least one constituency for each of 
them. The high levels of positions and plentiful experience in building renewal practices 
ensure that the responses from these professionals are trustworthy.  
Table 7.2: Designation of property managers interviewed from town councils 
S/N Name of Organisation Designation 
1 Hong Kah TC Deputy general manager 
2 Holland-Bukit Panjang TC General manager  
3 Jalan Besar TC Property manager 
4 Tampines TC Property manager 
5 Tampines TC Property manager 
6 Sembawang TC Property manager 
7 Holland-Bukit Panjang TC Property manager 
8 Sembawang TC Deputy general manager 
9 West Coast TC Property manager 
10 Pasir Ris-Punggol TC Property manager 
11 Bishan-Toa Payoh TC Property manager 
12 West Coast TC Property manager 
13 Jurong TC Property manager 
14 Potong Pasir TC Property manager 
15 East Coast TC General manager  
16 East Coast TC Deputy general manager 
17 East Coast TC Property manager 
18 Sembawang TC Property manager 
19 Tanjong Pagar TC Property manager 
20 Pasir Ris-Punggol TC Property manager 
21 Pasir Ris-Punggol TC Property manager 
22 Ang Mo Kio-Yio Chua Kang TC Property manager 
23 Ang Mo Kio-Yio Chua Kang TC  Property manager 
24 Tanjong Pagar TC Property manager 
25 Holland-Bukit Panjang TC Property manager 
26 Pasir Ris-Punggol TC Property manager 
27 East Coast TC Property manager 
28 Holland-Bukit Panjang TC Property manager 
29 Holland-Bukit Panjang TC Property manager 




31 Aljunied TC Property manager 
32 Marine Parade TC Property manager 
33 Marine Parade TC Property manager 
34 Marine Parade TC Property manager 
35 Tanjong Pagar TC Property manager 
36 Tanjong Pagar TC Property manager 
37 West Coast TC Property manager 
38 Jurong TC Property manager 
39 Hong Kah TC Deputy general manager 
40 Hong Kah TC Property manager 
41 Hougang TC General manager  
      Note: There are 16 town councils in Singapore; 14 of them were operated by the  
People’s Action Party (PAP) while the Potong Pasir TC and Hougang TC  
were operated by other parties. 
7.2.3 Years in practice  
From Table 7.3, it can be seen that the average working experience of the interviewees is 
21.12 years, indicating that the majority of the respondents have worked in this area for a 
long time. About 24.49 per cent of them have more than 30 years working experience; 
some 75.52 per cent of the interviewees have at least 15 years of working experience in 
the Singapore building adaptation filed. This result implies that the information obtained 
from these experienced interviewees is likely to be reliable.  
Table 7.3: Years in practice for interviewees 
Working  year Frequency  Percentage  
>30 years  12 interviewees  24.49% 
15-30 years 25 interviewees 51.03% 
10-15 years 4 interviewees  8.16% 
<10 years 8 interviewees 16.32% 
  100% in total 
Average working experience: 21.12 years  
7.2.4 Experience in building renewal projects  
From Table 7.4, it was found that all interviewees have been involved in at least one 
building renewal project. The average number of renewal projects that the interviewees 




participated in the decision making of at least 15 building renewal projects. The scales of 
these building renewal projects range from minor maintenance like the Repair and 
Repainting program (R&R) to rebuilding like the Selective En-bloc Redevelopment 
Scheme (SERS). The vast number of building renewal projects and wide range of 
renewal projects the respondents have been involved in enable them to become 
knowledgeable about building adaptation practice and decision-making processes. 
Table 7.4: Number and type of renewal projects involved 
Respondent  Number of renewal 
projects involved 
Type of renewal projects involved 
1 1 LUP                                      
2 2 R&R                                      
3 25 MUP, LUP, IUP, IUP Plus, HIP, NRP, SERS                                                     
4 1 LUP                                      
5 15 MUP, LUP,SERS                            
6 80 MUP,LUP,IUP Plus, HIP, NRP                
7 100 MUP,IUP,IUP Plus                         
8 5 MUP, LUP, IUP, HUP, town centre upgrading 
9 10 MUP,LUP, IUP, IUP Plus, SERS 
10 100 MUP, LUP, IUP, IUP Plus, HIP, NRP, SERS                                                     
11 12 MUP, LUP, IUP, IUP Plus, HIP, NRP, SERS                                                     
12 10 MUP, LUP, IUP 
13 6 LUP, IUP, IUP Plus, ROS 
14 8 LUP, IUP, IUP Plus 
15 10 MUP,LUP, IUP, IUP Plus, HUP 
16 20 LUP, IUP, IUP Plus, HIP, NRP, EUP 
17 20 LUP, IUP, IUP Plus, SERS 
18 15 LUP, IUP, IUP Plus, NRP                        
19 8 MUP,LUP, IUP Plus, SERS, HIP, NRP, SERS            
20 5 Facilities improvements                  
21 4 LUP, IUP 
22 15 LUP, IUP 
23 25 MUP, LUP, IUP, IUP Plus, HIP, NRP, SERS, HUP                          
24 10 MUP, LUP, IUP, IUP Plus,  SERS, EUP 
25 40 MUP, LUP, IUP, HUP  
26 6 MUP, LUP, IUP Plus  
27 12 MUP, LUP ,SERS, HUP 
28 15 LUP, R&R 
29 3 R&R                                      





31 15 LUP, IUP, IUP Plus, SERS, NRP 
32 21 LUP, IUP,NRP,R&R                         
33 15 LUP, IUP, R&R, A&A 
34 10 R&R                                      
35 6 MUP, LUP, IUP, IUP Plus, NRP, SERS 
36 150 LUP, IUP, IUP PLUS, R&R 
37 15 MUP,LUP,IUP,IUP Plus, NRP, EUP 
38 6 MUP, IUP, HUP 
39 200 MUP, LUP, IUP, IUP Plus, HIP, NRP 
40 8 MUP, LUP, IUP, HIP 
41 11 LUP, IUP, HIP 
42 7 MUP, LUP, IUP, IUP Plus, HIP, NRP, Town 
centre- LUP 
43 6 MUP, LUP, IUP 
44 10 MUP, LUP, IUP, HIP, SERS 
45 31 MUP, LUP, IUP, IUP Plus, HIP, SERS 
46 10 LUP, IUP, HUP 
47 100 MUP, SERS, R&R 
48 10 MUP, LUP, R&R 





7.3 Data Processing 
After data have been obtained from the survey, the next step is to process these data into 
information needed for subsequent data analysis (Tan, 2008b). In this study, the data 
processing embraces three stages. The first one is to edit the data for errors and omissions 
that have escaped preliminary field editing. The second is to check for missing data.  
Given the great amount of data required, only a few missing values were found in section 
D for about 5 questionnaires. Although policy makers from the 4 upgrading and 
redevelopment units within the HDB and property managers from all the 16 town 
councils in Singapore were interviewed, the sample size of this study (n=49) is not large. 
Note: MUP: Major Upgrading Programme; LUP: Lift Upgrading Programme; IUP: Interim 
Upgrading Programme; IUP plus: Interim Upgrading Programme plus Lift Upgrading 
Programme; HIP: Home Improvement Programme; NRP: Neighbourhood Renewable 
Programme; SERS: Selective En-bloc Redevelopment Scheme; R&R: Repair and repainting; 
EUP: Private Estate Upgrading Programme; HUP: Hacker Centre Upgrading Programme;  





Therefore, imputed mean values are used to replace these missing values instead of 
discarding these questionnaires. The third stage moves on to code, classify, and process 
the information for subsequent analysis.  
7.4 Reliability of Interview Survey Results  
Close attention should be paid to the issue of reliability when measuring variables. There 
are various approaches of increasing reliability. One widely used method is to calculate 
the alpha coefficient (Cronbach, 1951; Tan, 2004). Cronbach's alpha (α) is a lower bound 
for the true reliability of the survey. The determination of α is done by computing the 
ratio of the average inter-item covariance to the average item variance for the number of 
items on the survey, given in Equation 7.1.   
                         α = [k/(k-1)][1-(Σs2/S2)]    ……  Equation 7.1 
Where k is the number of items, S
2
 is the total variance, and s
2
 is the variance of the 
individual item.  
 
Cronbach's alpha is adopted in this study to reveal the true reliability of the surveyed 
results as it is an effective measure of reliability (Cronbach, 1951). According to 
Nunnally (1978), α should at least 0.7 for a scale to be reliable. In this study, the 
Cronbach's Alpha (α) is 0.969 and the standardised Cronbach's Alpha is 0.974. Both of 
them are greater than 0.7, indicating that the test scores of this research are reliable. 
However, there is a limitation of using this approach in addressing the reliability of the 
survey results. According to Steiner and Norman (1989), "... alpha is dependent not only 
on the magnitude of the correlations among items, but also on the number of items in the 




measure a distinct construct, and combine them to form one long scale, alpha would 
probably be high ... Third, if alpha is too high .. .it may suggest a high level of item 
redundancy; that is, a number of items asking the same question in slightly different 
ways." 
7.5 Additional Driving Forces  
Apart from the main driving forces and facilitator of building adaptation (refer to part A 
of the questionnaire design in APPENDIX A), the interviewees proposed other reasons 
that may lead to building renewal activities in Singapore. They can be grouped into six 
categories: residents’ impact, the character of a building, effects arising from previous 
building renewal activities, economic situation, urban planning policy, and social as well 
political considerations. The detailed discussion of the additional driving forces is 
provided in Section 8.4. 
7.6 Comments on the HOUSE and ‘3R’ BRA Models  
To acquire decision makers’ feedback on the applicability and robustness of the HOUSE 
and ‘3R’ BRA models, a brief introduction about this research and a short opening 
discussion were conducted at the beginning of every interview. More importantly, several 
meetings and presentations were carried out at the HDB Building Research Institute 
(BRI) and the respective town councils to explain in detail how these two models were 
constructed and how they can be employed in practice. The attendees of these 
presentations included a deputy managing director, senior manager and senior officer at 
the HDB BRI, the head of the Development and Procurement Department in the HDB, 




of East Coast TC, West Coast TC and Hougang TC. These presentations were often 
followed by in-depth discussions. These interviews, meetings, presentations and 
discussions led to two general conclusions made by the decision makers with respect to 
the HOUSE model and ‘3R’ BRA model. 
 
The first conclusion is related to the comprehensiveness and robustness of the HOUSE 
model. It mainly introduced the practices of what they are doing now and how they make 
decisions regarding building renewal programmes in Singapore. It also acknowledged the 
advantages of the HOUSE model in terms of its comprehensive and usefulness in 
practice. The details of this conclusion are stated below: 












The second conclusion is concerned about the usefulness of the two models proposed in 
this research. It explained the background of launching upgrading programmes in 
Singapore and their main objectives. It also discussed the main improvement areas for 
upgrading programmes such as the Major Upgrading Program (MUP). This conclusion 
“Basically, the research model represents what the government is now doing before it   
implements any kind of adaptation program because criteria like building age, 
building physical condition, technological aspect, flat price, and energy consumption 
are very significant. In addition, residents’ feedback plays its part in the decision 
making process. The proposed HOUSE model is quite comprehensive because it also 
considers the factor of ‘sustainability performance’, which means that the new trend 
of sustainable development is also treasured. The proposed model is normative, and 
will bridge the gap, because current policies for building adaptation are made on the 
basis of heuristic knowledge or ‘rule of thumb’ though a series of criteria are 
considered. With this tool at hand, it will aid policy makers to avoid possible debates 
between the HDB and town councils with respect to the problem of which blocks or 





also highlighted the possibility that decision makers would incorporate the HOUSE 
model and ‘3R’ BRA model into their decision making for building adaptation. This 
conclusion is described below:  


















“Large stock of existing buildings was built around the 1980s in Singapore. Learning 
the experiences of some European countries and parts of Asian countries, our 
government launched upgrading programmes to arrest building degradation and avoid 
matured estates becoming slums. The goals of these upgrading programs are to  
 rectify physical defects;  
 enhance market value for existing flats; 
 introduce new technologies like fire-rated door, new lift service 
 keep people there (community ties) and avoid matured estates becoming old folks’ 
dwellings 
Residents’ concerns and feedback will be seriously considered and the core purpose 
here is to gain their support (at least 75% vote for any form of upgrading programmes) 
and promote home ownership by co-sharing adaptation cost. In the MUP, for instance, 
public areas such as car parks, roads will be upgraded; extra rooms or space will be 
added to existing flats to cater for new family profiles. New lighting system and water 
system are at this moment introduced into existing building stock with the intent to 
reduce energy consumption and prevent water leaks. Cost saving potential, increase in 
market value for existing flats, etc., are seriously considered when doing upgrading. 
Hence, the proposed models are robust by including the majority practices of what have 
been done at this moment and have also made new efforts which will be helpful for 
policy makers to evaluate the adaptation potential for a specific building and choose 
appropriate intervention actions; they can be applied to public housing context of 





7.7 Summary  
Interviewees’ personal particulars were analysed carefully, including their organisation, 
designation, years in practice and experience in building adaptation. The results indicate 
that their responses are trustworthy. Data processing was implemented after data 
collection to provide information required for subsequent analysis. The data processing 
involves three stages: editing the data for errors and omissions; checking missing data 
and replacing these missing values with imputed mean values; and coding, classifying 
and processing the information for subsequent data analysis. Moreover, the reliability of 
the survey data was investigated by the alpha coefficient (α=0.969), which is greater than 
the minimum value (0.7) for a scale to be reliable. Furthermore, additional driving forces 
for building adaptation activities were obtained from the interviewees. At the same time, 
the respondents believed that the proposed HOUSE model and ‘3R’ BRA model are 
useful in predicting the adaptation potential for buildings and advising them to choose 













CHAPTER 8: EMPIRICAL FINDINGS OF DRIVING 
FORCES OF BUILDING ADAPTATON   
8.1 Introduction  
This chapter presents an empirical test of theoretical hypotheses concerning the principal 
causes for building adaptation activities: building deterioration, housing obsolescence and 
sustainable requirements. Additional driving forces are also discussed. The overall testing 
results are presented using the graph algebra approach to simplify the presentation of 
these driving forces. 
8.2 Descriptive Analysis of driving forces and facilitator  
Personal interviews with policy makers involved in the public housing adaptation 
activities in Singapore were conducted to seek their perceptions of driving forces of 
building adaptation. The impact of the proposed reasons including “building 
deterioration”, “the degree of housing obsolescence”, and “requirements of sustainable 
development” on building adaptation activities was investigated based on the 
questionnaire, ranging from 1 (very unimportant) to 5(very important).  
 
The Statistical Package for Social Sciences (SPSS v18.0) software was employed to 
reveal the relevance and importance of each driving force, specifically through 
performing t-tests of the mean, based on the sample’s ratings. The null hypothesis (Hi0: 
u<u0) and the alternative hypothesis (Hi1: u> u0) were set out (i=1, 2, and 3), where u is 




important factor that drives building adaptation activities. Since a 5-point Likert Scale 
was adopted to reveal the significance of the three driving forces of building adaptation, 
u0 was fixed at the level of 3.0 in this research.   
 
These t-tests results were reported in Table 8.1, suggesting that the majority of 
respondents thought that the proposed driving forces and facilitator were instrumental 
reasons of why building adaptation activities are implemented. The mean rating for 
building deterioration is 4.12; the mean rating for housing obsolescence is 3.79; and the 
mean rating for sustainable requirements is 3.54. Since the critical value of t for 48 
(48=49-1) degrees of freedom at 0.05 level of significance (1-tailed) is 1.757, under Hi0, ti 
(i=1, 2, and 3) is greater than t. The results are significant and hence Hi0 (i=1, 2, and 3) is 
rejected. Namely, the mean ratings of the three factors are greater than the critical rating 
(u0=3.0), and thus each factor should be considered crucial in driving building adaptation 
activities. 
 
By contrast, only one argued that building deterioration and housing obsolescence were 
not the main driving forces of building adaptation, and three respondents perceived 
‘sustainable requirements’ to be insignificant in facilitating building adaptation activities. 
The reason may be that the requirements of sustainable development have not been of 
prime concern, whenever policy makers in the HDB and property managers in town 
councils decide to launch any building renewal programme, as can be inferred from a 
note given by a property manager: “town councils in Singapore are in their early stage for 
green buildings and sustainable development, because the two concepts are pretty new to 










requirement   
1 4 5 5 
2 2 3 3 
3 4 4 1 
4 1 5 3 
5 3 4 4 
7 4 5 5 
7 3 0 0 
8 4 4 5 
9 5 4 4 
10 4 4 4 
11 4 5 3 
12 4 5 4 
13 4 5 4 
14 4 3 3 
15 4 5 1 
16 5 5 4 
17 4 3 4 
18 4 5 5 
19 1 5 5 
20 4 5 4 
21 2 4 3 
22 3 4 4 
23 5 5 5 
24 5 5 5 
25 4 5 3 
26 5 5 3 
27 3 4 3 
28 3 2 2 
29 3 5 4 
30 4 3 4 
31 4 4 4 
32 4 4 3 
33 4 3 4 
34 3 5 3 
35 5 3 5 
36 4 4 4 
37 4 4 4 
38 4 4 0 
39 4 4 4 
40 4 4 4 
41 4 4 0 
42 0 5 4 




44 3 3 3 
45 5 5 5 
46 3 3 3 
47 4 4 4 
48 4 4 4 













Note: 1—very unimportant; 5—very important; when the answer is ‘no’,  
          the value of 0 is assigned to that respondent; the level of significance is 0.05.  
 
The following is a detailed discussion of the relevance and significance of the three 
factors: building deterioration, housing obsolescence and sustainable requirements.  
8.2.1 Building deterioration 
Building deterioration ranks in the first place probably because the impact related to 
building deterioration are immediate and apparent (in Figure 8.1). Therefore, it requires 
prompt corrective actions from property management authority. In addition, 
Singaporeans who live in public housing are highly concerned about building defects 
appearing in the building. These defects are usually caused by the incidence of natural 
deterioration, such as the action of wind, rain and tropical weather (Wardhana and 
Hadipriono, 2003).  
 
At the same time, building occupants often worry about building damages, because these 
may cause a building to be unsafe and result in unattractive building appearance. The 
Singapore government therefore conducts regular adaptation programmes to rectify 
building defects, with the aim of making buildings safer and building conditions better. 




deterioration would degrade a building’s performance and thus activation energy was 
required to retain it. In the context of buildings, the activation energy is adaptation, which 
is viewed as a primary intervention that aims to defer building deterioration.  
8.2.2 Housing obsolescence  
Housing obsolescence ranks in the second place (in Figure 8.1). Building occupants 
constantly demand high living standards and especially high standards of devices 
(fittings) due to technological advancement. A property manager interviewed noted: 
“when residents staying in a relative mature building see new flats installing new lifts, 
they also call for lift service equal to the standard of its counterparts”. The public housing 
management agencies—both the HDB and each town council island wide thus have to 
execute adaptation programmes to cater for their evolving demand for high living 
standards.  
 
This finding can be partially explained by the study of Nutt et al. (1976). They contended 
that on the one hand housing obsolescence will reduce a building’s suitability for living. 
Adapting current dwellings on the other hand is one of the principal ways to combat 
housing obsolescence. As a result, housing obsolescence process of a building requires 
corrective adaptation activities. In the Singapore public housing context, the HDB and the 
respective town councils need to retain the standards and economic value of existing 
public housing estates. The main reason is that they manage substantial public housing 
estates; when they encounter the problem of housing obsolescence, they can only 
consider the option of ‘adaptation’ instead of alternatively ‘moving out’ compared to a 




8.2.3 Sustainable requirements  
From the survey, 93.88% of the respondents regarded sustainable requirements as the 
facilitator of building adaptation activities, as suggested in the comment of a property 
manager interviewed: “sustainable development is the government’s objective, and it is 
also the new trend of our development.” Since the existing public residential housing 
sector is a major carbon emitter in Singapore (MEWR, 2008b), the major effort should be 
put on adapting existing buildings to close fit for sustainable requirements. Under such 
circumstances, existing public residential housing sector may be able to contribute to the 
formation of “Sustainable Singapore”—a national goal established by the IMCSD of 
Singapore in 2008 (IMCSD, 2008). 
 
In addition, according to the system urban planning theory, a city is a system of 
correlated activities in a constant state of flux (McLoughlin, 1969); urban renewal is a 
key function of urban planning and building adaptation is an integral portion of urban 
renewal (Bullen, 2007). Building adaptation would change the forms of buildings, 
influence occupants’ benefits, place pressure on land resources, and cause pollution to 
water and air. In turn, these elements within an urban city interact with each other and 
jointly influence building adaptation. The Graph algebra, as a tool and language that 
describes a system’s structure and functioning, is powerful in modelling sophisticated 
social phenomena (Brown, 2008). In order to simplify the presentation of driving forces 
and facilitator of building adaptation activities in this research, the graph algebra is 
therefore adopted to describe the parts and their functions in building adaptation 





Normally, the graph algebra uses elements to transform inputs into outputs via forward 
paths (Brown, 2008); the inputs of the graph algebra in this study consist of building 
deterioration, housing obsolescence and sustainable requirements. Its output is building 
adaptation activity. The forward paths indicate the causal relationship between the inputs 
and the output. As a result, the elements expressed in the boxes in Figure 8.1 represent 
operators that describe how these elements function to transform one state of a building 
into another through adaptation. There are two operators associated with building 
adaptation: main driving force and facilitator.  
 
It should be noted that the two forward paths from the inputs of building deterioration 
and housing obsolescence merge together at an intersection before they are transformed 
into the operator of main driving force, because the combined effects of building 
deterioration and housing obsolescence call for a stronger need for building adaptation 
activity. According to the survey findings, the majority of respondents agree that both 
building deterioration and housing obsolescence are the main driving forces of building 
adaptation activities. As for the facilitator, most of the respondents stated that sustainable 
requirements are likely to result in building adaptation actions.  
 
Based on the above discussion, it was found that the hypotheses proposed in Section 
4.2.1 are valid through the empirical test. The results show that building deterioration, 
housing obsolescence and sustainable requirements are the main causes of building 




driving forces of building adaptation, and sustainability requirements are the facilitator of 






















Figure 8.1: The presentation of driving forces and facilitator of building adaptation 
activity using the graph algebra 
Residents’ impact 
 Residents’ needs 
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Mean rating = 4.12 
t-value = 36.55 
Sig. (1-tailed) = 0.000 
97.96% respondents 
agree  
Mean rating = 3.69 
t-value = 24.29 
Sig. (1-tailed) = 0.000 
93.88% respondents 
agree  
Mean rating = 3.54 
t-value = 20.12 
Sig. (1-tailed) = 0.000 
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8.3 Additional Driving Forces  
Apart from the above-stated main driving forces and facilitators of building adaptation, 
the respondents also presented other reasons that might lead to building adaptation 
activity. They can be grouped into six categories: the character of a building, residents’ 
impact, effects arising from previous building adaptation activities, urban planning 
policy, economic situation and social as well political considerations.  
 
First, decision makers (n=9) commented that they will seriously consider the factor of a 
building’s character in their regular maintenance decision making process. It was 
observed that the character of a building, including building age, the type of a building 
and its rooms, maintainability, occupancy (use) of the building, surrounding estates or 
environment, and access to the external environment is an factor that influences a 
building’s adaptability, as it represents the physical profile of the building (Lansley et al., 
2005). As a result, it would to some extent influence the degree of housing obsolescence 
and building deterioration. Considering its impact on the inputs of the building adaptation 
system, the character of a building—serving as an exogenous variable to the system’s 
inputs, should be taken into account when deciding to adapt a building.  
 
Second, respondents (n=5) believed that the residents’ impact like their needs, life style 
and support was important in the process of decision making for building adaptation. This 
finding partially verifies the study of Lai and Pang (2010) who stated that residents’ 
factor to some extent plays its part in the decision of adapting a building. Especially in 
Singapore, adaptation of public housing in Singapore is only implemented if at least 75 




that the factor of ‘effects from previous adaptation actions’ had an influence on building 
adaptation activities. This finding is echoed by Stone (1963), who observed that adequate 
and timely regular maintenance usually decreases the risk of housing deterioration, and 
thus reduce the frequency of major adaptation activities.  
 
Third, urban planning policy may include maximising use of land resources and overall 
housing planning, that the economic situation comprises market conditions, housing 
affordability, financial budget and other resources available, and that social and political 
considerations refer to ageing population, community ties, social factors (e.g. 
demographical characteristics) as well as political influence. Indeed, in the context of 
Singapore’s public housing, the factors of urban planning policy, economic situation and 
social and political consideration would also play their roles in driving public housing 
adaptation activities. For instance, a constrained financial budget would delay some 
urgent adaptation tasks, while an expansionary budget would make regular maintenance 
or major maintenance become possible. In addition, since Singapore is a multi-racial 
country, the government emphasises the society’s harmony. Under such circumstances, 
the public housing agencies need to introduce facilities to enhance community ties in 
adapting public housing.  
8.5 Summary  
This research presents an empirical study to test theoretical hypotheses concerning the 
main driving forces and facilitator of building adaptation in the context of Singapore’s 
public housing. The results show that building adaptation will be primarily driven by 




building deterioration and housing obsolescence are the main driving forces of building 
adaptation, while sustainable requirements will facilitate the pace of building adaptation. 
Meanwhile, the policy makers who manage the vast public housing estates in Singapore, 
also proposed other causes of building adaptation, which can be grouped into six 
categories: residents’ impact, the character of a building, effects arising from previous 

















CHAPTER 9: HOUSE MODEL CONSTRUCTION, 
APPLICATION AND VALIDATION  
9.1 Introduction  
This chapter begins with the discussion of the survey results and statistical analyses for 
the preceding stated attributes. These analyses form a basis for the construction of the 
HOUSE model. Its construction section focuses on the investigation of its ingredients: 
corresponding factors, criteria and attributes, and on the examination of the ratings of 
attributes and the aggregating procedure for BAP calculation. Thereafter, it is applied to 
real public residential buildings in Singapore. Professionals are then invited to validate 
the model based on their own experience and measurement. 
9.2 Survey Results and Statistical Analyses for Attributes  
9.2.1 Mean importance ratings 
Having processed the data (see section 7.4), the Statistical Package for Social Sciences 
(SPSS v18.0) software was employed to analyse the data to reveal the mean importance 
ratings of individual attributes. Table 9.1 reports the mean importance ratings of 36 
attributes (ri, i=1,2,...36) that may be relevant to the computation of the BAP. These 
attributes can be grouped into two categories: attributes with negative impacts and 
attributes with positive impacts. Negative impacts signify that higher ratings of these 
attributes would lead to a lower desirability for a building being adapted, all else equal. 
On the contrary, positive impacts imply that higher ratings of these attributes may result 




First, the respondents believed that the most influencing attribute with a negative impact 
on the determination of the BAP is ‘adaptation cost’ (mean score=-2.27), followed by the 
attributes of ‘inconvenience time’ (mean score=-2.00), ‘degree of disruption’ (mean 
score=-1.78), ‘occupants’ satisfaction with building services’, and ‘occupants’ 
satisfaction with building condition’. These results imply that the biggest concern for 
decision makers in the public housing sector is the cost required for building renewal 
projects, because the financial budget on public housing adaptation is always limited 
(Donkelaar, 2007). The results also show that decision makers would pay substantial 
attention to inconvenience time and disruption caused by building adaptation activities. If 
such projects last too long or bring a high degree of inconvenience to occupants’ 
everyday life, property managers in town councils may receive a lot of complaints from 
building occupants.  
 
By contrast, the top attribute with a positive impact is ‘maintenance cost saving potential 
in the long run’ (mean score=2.53), followed by attributes of ‘electricity saving potential 
in the long run’, ‘building age’, ‘degree of structural and surface defects’, and ‘increase 
in market value’. These results confirm that decision makers are more concerned about 
adaptation cost than other attributes. The underlying reason is that decision makers 
always seek to optimise the allocation of scarce financial resources (Das et al., 2010; 
Rosenfeld and Shohet, 1999). This orientation encourages decision makers to implement 
renewal projects which are able to save adaptation cost in the long run conditional on 

















r1 Occupant’s satisfaction with building quality (SBQ) 49 -0.92 
r2 Occupant’s satisfaction with building condition (SBC) 49 -1.39 
r3 Occupant’s satisfaction with building facilities (SBF) 49 -0.92 
r4 Occupant’s satisfaction with surrounding environment (SSE) 49 -1.06 
r5 Occupant’s satisfaction with building services (SBS) 49 -1.49 
r6 Occupant’s financial situation (OFS) 49 1.41 
r7 Occupant’s awareness and knowledge of adaptation activities (OAK) 49 1.37 
r8 Occupant’s expectation for value enhancement (OEV) 49 1.78 
r9 Building age (BA) 49 2.41 
r10 Degree of structural and surface defects (DSD) 49 2.39 
r11 Rental income level (RIL) 49 -0.57 
r12 Building services (BS) 49 -1.18 
r13 Suitability for use (SU) 49 -1.02 
r14 Flexibility of original design (FOD) 49 -0.55 
r15 Building height (BH) 49 -0.35 
r16 Noise separation (NS) 49 -0.69 
r17 Means of fire escape (MFE) 49 -0.90 
r18 Appearance attractiveness (AA) 49 -0.96 
r19 The ability of compliance to current building regulations (ACR) 49 -0.94 
r20 Reduction of air pollution in the long run (RAP) 49 1.55 
r21 Electricity saving potential in the long run (ESP) 49 2.43 
  r22 Maintenance cost saving potential in the long run (MCS) 49 2.53 
r23 Increase in market value (IMV) 49 2.31 
r24 Extension of physical life (EPL) 49 2.06 
r25 Enhanced externality (EE) 49 1.80 
r26 Adaptation cost (AC) 49 -2.27 
r27 Inconvenience time (IT) 49 -2.00 
r28 Degree of disruption (DD) 49 -1.78 
r29 Control of plot ratio for future development (CPR) 49 -0.43 
r30 Control of height limit for future development (CHL) 49 -0.35 
r31 Transportation planning for future development (TP) 49 -0.24 
r32 Electricity consumption (EC) 49 2.08 




r34 Air pollution (AP) 49 1.55 
r35 Facilities for waste management (FWM) 49 -0.57 
r36 Indoor environmental quality (IEQ) 49 -1.37 
Note: -3 is a strongly negative impact; 0 is no impact; and 3 is a strongly positive impact. 
 
Similarly, electricity saving potential in the long run is not only environmentally friendly 
but more importantly financially sensible. In other words, it will reduce the operation cost 
for a specific building. It has been emphasised due to the fact that electricity expenditure 
constitutes a large portion of a town council’s utility expenditure. For example, the West 
Coast Town Council in Singapore annually spent about S$2.34 million Singapore dollars 
(US$1.00=S$1.30) on its public housing stock electricity bill (WCTC, 2009). Therefore, 
each town council management authority intends to reduce electricity consumption by 
introducing energy saving upgrading projects such as replacing existing illuminated block 
number signs with LED-lighted ones, and by converting all common area lightings at the 
blocks to “T5 fluorescent tubes under the cyclical re-wiring programme” (WCTC, 2009, 
p.8). 
9.2.2 Statistical test of the mean 
After the mean importance ratings of 36 attributes (ri, i=1,2,...36) being calculated, one-
sample t-tests of the mean were carried out to check the entire population’s response to 
the raised attributes in the questionnaire (based on the sample’s ratings), partially because 
the t-test is suitable for “testing hypotheses about the population mean for data measured 
on the interval or ratio scale” given one independent sample (Tan, 2004, p.230). The 
statistical test of the mean was conducted by following the Student’s t-test:  




where ta refers to the t value under the significance level a; 
u refers to the population mean;  
u0 refers to the critical rating greater or less than which the variable has an impact on the 
BAP;  
s refers to the sample standard deviation;  
n is the sample size  
 
The null hypothesis: an attribute has no impact on the BAP (H0: u=u0), and the alternative 
hypothesis: an attribute has an impact on the BAP (H1:∣u∣> u0) were set forth. In this 
research, u0 is fixed at the level of zero. The reason is that according to the definition 
given in the rating scale, zero means no impact on the BAP. In addition, the significance 
level α was set at 0.05. From the table of critical values of t-distribution, for degrees of 
freedom 48, and the level of significance for two-tailed test at 0.05, the t value is about 
±2.010. That means if the calculated t value is larger than 2.010 or smaller than -2.010, 
the null hypothesis that an attribute has no impact on the BAP will be rejected and the 
alternative hypothesis that an attribute has an impact on the BAP will be accepted. The 
detailed statistical analyses are given in section 9.2.3.  
9.2.3 Statistical analyses  
9.2.3.1 Hypothesis 2.1: Building occupants’ attitude  
Based on the t-test, Table 9.2 reports the results of the survey of respondents relating to 
the attributes identified under occupants’ attitudes to see whether these attributes have an 






















impact on the 
BAP? 
(1) Occupants’ utility      
r1 Occupants’ satisfaction with 
building quality (SBQ) 
-0.92 -3.88 .000 Yes  
r2 Occupants’ satisfaction with 
building condition (SBC) 
-1.39 -4.94 .000 Yes 
r3 Occupants’ satisfaction with 
building facilities (SBF) 
-0.92 -4.46 .000 Yes 
r4 Occupants’ satisfaction with 
surrounding environment (SSE) 
-1.06 -4.43 .000 Yes 
r5 Occupants’ satisfaction with 
building services (SBS) 
-1.49 -5.57 .000 Yes 
(2) Occupants’ risk preference      
r7 Occupants’ financial situation 
(OFS) 
1.41 8.17 .000 Yes 
r8 Occupants’ awareness and 
knowledge of adaptation 
activities (OAK) 
1.37 10.31 .000 Yes 
r9 Occupants’ expectation for value 
enhancement (OEV) 
1.78 13.20 .000 Yes 
   Notes: -3=strongly negative impact; 0=no impact; 3=strongly positive impact. 
(1) Hypothesis 2.1.1: Occupants’ satisfaction with building qualities (r1), satisfaction 
with building conditions (r2), satisfaction with building facilities (r3), satisfaction with 
surrounding environment (r4) and satisfaction with building services (r5) should 
impose a negative impact on the BAP.  
From Table 9.2, it can be seen that occupants’ satisfaction with building qualities has a 
negative impact on the BAP (mean score =-0.92). The t-test result implies that the higher 
the occupants’ satisfaction with building qualities, such as interior design and function, 




because decision makers tend to undertake no action for existing buildings if occupants 
are very satisfied with their current building qualities. Otherwise, decision makers will 
implement some changes to buildings’ design or function with the aim of making the 
buildings more suitable for living. Furthermore, Boyd and Jankovic (1992, p.10) noted 
that the internal quality of a building would determine the ability for the building to 
accommodate its occupants’ requirements as a building’s internal quality “with varying 
degrees of efficiency, flexibility and control should be compatible with” its occupants’ 
everyday lifestyle. Thus, if its internal quality does not satisfy the occupants’ demand any 
more, the degree of the need for adapting it will increase.   
 
Similarly, the t-tests of the mean in Table 9.2 show that occupants’ satisfaction with 
building conditions would impact on the BAP. The negative impact indicates that, if 
other things are constant, the lower the occupants’ satisfaction with building conditions 
like exterior structural defects may yield a higher potential for the building to be adapted. 
This is the case when occupants of public housing in Singapore observe some defects in 
building surfaces. They are likely to become annoyed with the current building 
conditions. Public housing management authority therefore is very concerned about these 
defects to avoid building occupants’ complaints. These complaints are closely linked to 
the level of renewal work that should be performed (Brandt and Rasmussen, 2002).   
 
The next sub-hypothesis under Hypothesis H 2.1.1 postulates that occupants’ satisfaction 
with building facilities (SBF) would negatively affect the BAP. The statistical analysis 
result reveals that the mean importance rating for attribute SBF is -0.92, implying that 




nowadays public housing occupants have become more concerned about their fitness and 
often use facilities like playgrounds and gardens to do exercises. In addition, the 
government also encourages occupants from different backgrounds to communicate and 
cultivate mutual understanding by jointly sharing the common facilities like gymnasiums. 
This is extremely important for Singapore as it is a multiracial society, with four major 
ethnic groups: Chinese (76.8%), Malay (13.9%), Indian (7.9%) and others (1.4%) 
(Singapore Department of Statistics, 2001). In order to facilitate the society’s harmony, 
the Singapore public housing management agencies desire to improve facilities to 
cultivate community ties when adapting public housing. The same evidence can be found 
in the study of Redmond and Russell (2008) who postulated that social interaction among 
occupants living in a certain estate has significant implications for social housing 
regeneration.  
  
Moreover, the mean score of -1.06 for the attribute SSE (in Table 9.2) shows that 
occupants’ satisfaction with building surrounding environments does have a negative 
impact on the BAP. The finding corresponds to the model proposed by Michelson (1970) 
who argued that the surrounding (physical) environment acts as an interdependent system 
that should be congruent with its occupants. Matching or mismatching the specific 
occupants’ desires such as daily comfort and overall feeling of satisfaction will exert an 
effect on human behaviours. In turn, Al-Soliman (1990, p.16) observed that building 
occupants’ perception of a built environment would determine the necessity for carrying 
out maintenance activities, because they become more and more “sensitive to the need for 





This result would encourage decision makers who mainly focus on the building system 
itself to examine the effect of surrounding environments on occupants’ daily lives. 
Meanwhile, the importance of building surrounding environments has also been 
acknowledged by the public housing management authority in Singapore. For instance, 
the HDB has introduced a special renewal project entitled “Neighbourhood Renewal 
Programme (NRP)” in August 2007, with a focus on the improvement of neighbourhoods 
on a basis of 2 or more contiguous precincts (HDB, 2008).  
 
The last sub-hypothesis under Hypothesis H 2.1.1 is the SBS. The statistical analysis 
result unveils that occupants’ satisfaction with building services would negatively affect 
the determination of the BAP because of its importance rating by the respondents (mean 
score=-1.49). The main reason is that building services such as the lift service are closely 
related with residents’ daily lives. In the Singapore public housing context, decision 
makers commit a great deal of time and effort to cope with occupants’ complaints about 
building services. They also spend substantial financial budget on the improvement of 
building services in order to satisfy building occupants and retain a building’s 
attractiveness to new potential occupants.   
(2)  H2.1.2: Occupants’ financial situation (r6), awareness and knowledge of adaptation 
activities (r7), and expectation for value enhancement (r8) should exert a positive 
impact on the BAP. 
Table 9.2 also reports that the attributes of occupants’ financial situation, occupants’ 
awareness and knowledge of adaptation activities, and occupants’ expectation for value 




for the three attributes are 1.41, 1.37 and 1.78 respectively. Occupants’ financial situation 
would influence building adaptation potential to a large extent, because the cost of 
adapting public building is sometimes co-shared by public housing occupants, the HDB 
and town councils in Singapore’s context, while the cost of adapting the interior of a 
building unit is mainly borne by the occupants. The public housing agencies—both the 
HDB and town councils, however, are more concerned about the exterior of the building 
and common areas within the precincts. Thus, occupants’ interest in building adaptation 
might be lowered if their financial situation is constrained. They may prefer to keep their 
buildings in their current state rather than support renewal projects in order to avoid 
increasing their financial burden. 
 
Furthermore, occupants’ awareness and knowledge of building adaptation activities will 
enable decision makers to gain occupants’ support for renewal projects and therefore it 
has an impact on the determination of the BAP. The underlying reason is that community 
members when given an opportunity to be informed and involved in the building 
adaptation process, become more aware of the decision. The more a community is aware 
of a decision, the more likely they are willing to support it if they foresee the compelling 
benefits that they can enjoy (Heath et al., 1995; Petty and Cacioppo, 1986). For example, 
beginning with the demonstration phase of the MUP introduced in 1990, more than 
1,013,000 public housing units in Singapore have undergone at least one type of renewal 
projects in the past two decades (HDB, 2008). Public housing occupants therefore have 
become more aware of renewal projects in recent years. In addition, they have become 




activities. Indeed, the number of occupants who vote for public housing renewal 
programmes initiated by the HDB or the respective town councils is rising.  
 
Additionally, occupants’ expectation for value enhancement also plays a role in the 
determination of the BAP mainly owing to the fact that value enhancement is a major 
concern for building occupants as well as the public housing authority. As a result, 
decision makers always take a close look at measures that are able to retain or even 
enhance existing buildings’ value. Furthermore, the reason for the attribute’s positive 
influence on the BAP is that when occupants can foresee benefits from renewal projects, 
they are likely to support these. Mustafa et al. (2009) had a similar observation, noting 
that building occupants’ expectation of building refurbishment is for investment 
purposes, because a good refurbishment usually can strengthen their properties’ value. As 
a result, their support likelihood for implementing such refurbishment project will be 
boosted. 
9.2.3.2 Hypothesis 2.2: Housing obsolescence  
Moving on to the discussion on the attributes related to housing obsolescence, Table 9.3 
presents the impact of these attributes on the BAP.  
 
(1) H2.2.1: Building age (r9) and structural and surface defects (r10) should positively 






















impact on the 
BAP? 
(1) Physical obsolescence     
r9 Building age (BA) 2.41 22.14 .000 Yes 
r10 Degree of structural and surface 
defects (DSD) 
2.39 21.27 .000 Yes 
(2) Economic obsolescence     
r11 Rental income level (RIL) -0.57 -2.62 .012 Yes 
(3) Functional obsolescence     
r12 Building services (BS) -1.18 -4.09 .000 Yes 
r13 Suitability for use (SU) -1.02 -3.62 .001 Yes 
r14 Flexibility of original design (FOD) -0.55 -2.18 .034 Yes 
r15 Building height (BH) -0.35 -1.61 .114 No 
(4) Technological obsolescence     
r16 Noise separation (NS) -0.69 -3.46 .001 Yes 
r17 Means of fire escape (MFE) -0.90 -3.70 .001 Yes 
(5)  Social obsolescence     
r18 Appearance attractiveness (AA) -0.96 -4.75 .000 Yes 
(6) Legal obsolescence     
r19 The ability of compliance to current 
building regulations (ACR) 
-0.94 -3.02 .004 Yes 
   Note: -3=strongly negative impact; 0=no impact; 3=strongly positive impact. 
 
The t-tests of the survey results in Table 9.3 show that both building age and building 
defects have a strongly positive impact on the determination of the BAP, with the mean 
scores of 2.41 and 2.39 respectively. These two attributes therefore deserve serious 
consideration for the public housing management when they intend to carry out building 
renewal projects. The significance of building age can be explained by the fact that it is a 
key indicator reflecting a building’s physical condition and qualities. According to 




in Singapore, building age is the principal criterion when selecting a building for renewal 
projects. For instance, according to HDB’s latest guideline, public housing estates 
eligible for the NRP (Neighbourhood Renewal Programme) should be built in 1989 or 
before (HDB, 2010b).   
 
Under the hypothesis H2.2.1, another crucial attribute is building structural and surface 
defects. Building defects are the prediction of gradual losses of structural integrity and 
damage to the surface (Teo and Harikrishna, 2005). Defects in buildings have important 
implications for their adaptation (Douglas, 2006). The seriousness of building defects 
would to some extent reflect the urgency of carrying out building adaptation activities, 
because building defects may lead to safety issues such as falling of obsolete tiles. This is 
against HDB’s mission that provides Singaporeans with quality homes and living 
environments (HDB, 2010a). The finding was supported by a study of Douglas (2006), 
who argued that decision makers shall be aware of the impact of a secure building 
environment on residents’ satisfaction. 
 
The safety issue also attracted the respective town councils’ attention. For example, the 
chairman of West Coast Town Council puts: “the safety of building occupants remains 
one of our topmost priorities” (WCTC, 2009). Lam et al. (2010) agreed that a decayed 
building after years of attacks by weather would pose potential risk hazards to the safety 
of the building occupants, and regular maintenance could greatly mitigate building 
defects. These defects should be appropriately coded and reflected in the adaptation work 




H2.2.2: Rental income level (r11) would negatively affect the adaptation potential for a 
building. 
 
The t-tests of the survey results in Table 9.3 reveal that rental income level has a minor 
influence on the BAP (mean score=-0.57). The negative impact reminds decision makers 
that rental income level is an indicator reflecting the degree of economic obsolescence for 
a building. If the rental income level is high, the building adaptation potential is low, 
other things being constant. By contrast, if the rental income level is low, the building 
adaptation potential would be high conditional on other things being equal. This 
observation corresponds to the conclusion made by Barras and Clark (1996), who 
contended that rental income level might drop if an obsolete building is continuing its 
operation without refurbishment. It is also consistent with the finding of Yu (2004) who 
noted that rental income level may increase if building refurbishment is introduced.  
(2) H2.2.3: Building services (r12), a building’s suitability for use (r13), the flexibility of 
original design (r14) and building height (r15) should have a negative impact on the 
BAP. 
 
The respondents believed that building services, together with building suitability for use 
and building’s flexibility of original design, are indicators for functional obsolescence for 
a building. They further pointed out that these attributes have negative impacts on the 
determination of the BAP though the impacts vary. It was found that the mean scores for 
building services, suitability for use and for flexibility of original design are -1.18, -1.02 
and -0.55 respectively. The reasons are given below. First, a constant requirement for 




as a whole are the most crucial component of a building system. It is like the blood to a 
human’s body to make sure that the building can function well according to its design 
and fulfil its original objectives. Second, evolutionary living standards may reduce a 
building’s suitability for its original use. For instance, a commercial building may not be 
fit for fulfilling its commercial purpose and therefore converting it into other uses may 
become necessary. The decreasing suitability for use would require corrective actions for 
buildings such as upgrading, conversion or redevelopment.  
 
Third, the flexibility of original design to some extent determines a building’s feasibility 
for some changes such as extension of structure, addition of new items, and omission of 
obsolete items. In Singapore’s public housing sector, for instance, some existing 
buildings with flexible original designs can cater for the addition of new lifts to their 
existing building structures, while others with restricted original designs may not able to 
do so. If new lifts are still required for the latter buildings, they can only be attached to 
the existing buildings. The latter case, however, will cost more than the first one. As a 
result, decision makers may prefer to adapt buildings in the first case rather than 
buildings in the latter case when the financial budget is limited. The finding echoed the 
study of Allehaux and Tessier (2002), advocating that one objective attribute for 
assessing a building’s functional obsolescence is its flexibility in which its inner space 
and layout should allow for modification to fit for changes.   
 
Table 9.3 also reports that the calculated t value for the attribute of building height was -
1.61, which is larger than -2.010 but less than 2.010. According to the null and alternative 




impact on the building adaptation potential cannot be rejected. Most of the respondents 
agreed that building height is not a determinant of the BAP. While they make decisions 
for adaptation, they usually pay equal attention to individual occupants, regardless of 
building height, to avoid complaints from unhappy ones. Another reason might be that 
other attributes like adaptation cost override the issue of building height in the adaptation 
decision-making.  
 
This result is slightly against the statement of Gann and Barlow (1996) who realised that 
the height of a building has an effect on its adaptation though it may not be a major 
constraint. Their argument on the one hand stated that the height of an office building has 
implications for the potential number of occupants, which in turn may impact the choice 
of conversion. It indicated on the other hand that “the overall floor area is likely to 
impose limitations due to high densities which override the issue of height” (Gann and 
Barlow, 1996, p.59). The finding also contradicts that of Das et al. (2010) who observed 
that building height would affect the maintainability of commercial buildings in 
Singapore.  
(3) H2.2.4: Noise separation (r16) and means of fire escape (r17) would negatively impact 
the adaptation potential for buildings. 
 
The t-tests of the survey results in Table 9.3 show that two attributes under technological 
obsolescence: noise separation and means of fire escape, were perceived to be 
instrumental in the determination of the BAP. Noise separation or acoustic comfort 
would protect residents’ daily lives and their health from the disturbance of noise. In 




because of Singapore’s highly dense public transport system and open-space housing 
design. For instance, transport vehicles and neighbourhood construction exposes 
residents to high levels of noise (Soh, 1999).  
 
On the other hand, fire safety mainly guaranteed by means of fire escape concerns 
decision makers. Indeed, the Singapore public housing programme was triggered by the 
biggest conflagration in Singapore’s history in 1961 (Loh, 2008). From then on, the 
Singapore public housing authority always keeps a close eye on the means of fire escape 
to ensure that Singaporeans “do not generally worry about losing their lives, homes or 
belongings to an uncontrolled blaze” (Loh, 2008, p.3). In addition, Gann and Barlow 
(1996) pointed out that means of fire escape should be adequate; otherwise, fire safety 
issues would lead to the need for building adaptation. Likewise, Kincaid (2002) 
highlighted that meeting the fire regulations through adequate provision of fire escape 
was one of the most important considerations in building refurbishment, especially in the 
adaptation of offices to housing flats.  
 
(4) H2.2.5: Aesthetic qualities (r18) should have a negative effect on the BAP. 
The t-tests of the survey results in Table 9.3 indicate that appearance attractiveness of a 
building would play its role in the determination of the BAP. A potential reason might be 
that building appearance interacts with building occupants’ image and identity (Boyd and 
Jankovic, 1992). This finding provides empirical evidence for cyclic façade maintenance 
programs implemented by individual town councils in Singapore every 5 to 7 years, with 




(5) H2.2.6: The ability for the building to comply with current building regulations (r19) 
should negatively influence the outcome of the BAP. 
 
The t-tests of the survey results in Table 9.3 show that the ability for a building to comply 
with up-to-date regulations demonstrates its importance in the determination of the BAP. 
There is no excuse that existing buildings can be exempted from the obligation of 
conforming to new regulations. Installations or adaptation should be introduced if 
regulation compliance is no longer met. Allehaux and Tessier (2002) also agreed that 
corrective actions become necessary if a building does not comply with the latest national 
regulations. A similar note was put by Douglas (2006, p.17) that “full code compliance 
with the building regulations may be difficult to achieve in some older properties. Spatial 
and constructional constraints with some of these buildings, for example, can inhabit the 
attainment of the required means of escape and level of fire resistance. ” 
9.2.3.3 Hypothesis 2.3: Prospective impacts associated with building adaptation  
From Table 9.4, the t-tests of the survey show the attributes identified that are related to 
prospective impacts arising from building adaptation.  
(1) H2.3.1: Reduction of air pollution in the long run (r20), electricity saving potential in 
the long run (r21), maintenance cost saving potential in the long run (r22), increase in 
market value for the flat (r23), extension of building life span (r24) and enhanced 





















impact on the 
BAP? 
(1) Positive impacts     
r20 Reduction of air pollution in the long run (RAP) 1.55 11.32 .000 Yes 
r21 Electricity saving potential in the long run (ESP) 2.43 21.50 .000 Yes 
r22 Maintenance cost saving in the long run (MCS) 2.53 23.98 .000 Yes 
r23 Increase in market value (IMV) 2.31 17.17 .000 Yes 
r24 Extension of physical life (EPL) 2.06 15.28 .000 Yes 
r25 Enhanced externality (EE) 1.80 12.85 .000 Yes 
(2) Negative impacts     
r26 Adaptation cost (AC) -2.27 -20.93 .000 Yes 
r27 Inconvenience time (IT) -2.00 -18.33 .000 Yes 
r28 Degree of disruption (DD) -1.78 -12.62 .000 Yes 
Note: -3=strongly negative impact; 0=no impact; 3=strongly positive impact. 
 
Table 9.4 reports that these six attributes under the criterion of positive impacts from 
building adaptation have positive influences on the determination of the BAP. These 
findings indicate that building adaptation potential may increase if higher level of 
positive impacts originating from building adaptation activities is expected. Among them, 
the attribute of maintenance cost saving potential ranks first, followed by the attribute of 
electricity saving potential in the long run (ESP) and attribute of increase in market value 
(IMV).  
 
It was noted that all of them have implications for either saving money or making money. 
These results reveal to the reader that although the HDB and each town council in 
Singapore are not purely profit-oriented, a primary objective of their decisions for 




time increase building flats’ economic value for residents. Besides, since sustainable 
development has become Singapore’s national strategy (IMCSD, 2009), reduction of air 
pollution, especially carbon dioxide reduction, was accepted by decision makers as a 
worthwhile benefit. This benefit, along with the other five benefits such as extension of 
building life span and enhanced externality for neighbour buildings, constitutes an 
influential criterion in the computation of building adaptation potential.  
(2) H2.3.2: Adaptation cost (r26), inconvenience time (r27), and degree of disruption (r28) 
should have a negative effect on the adaptation potential for a building. 
It can be seen from Table 9.4 that adaptation cost, inconvenience time and degree of 
disruption caused by building renewal projects were found to be negatively related to the 
computation of building adaptation potential. This finding shows that a higher adaptation 
cost may lead to a lower desirability of adaptation. This is understandable as Tay (1991) 
noted that one big concern of residents and decision makers in adaptation is financial 
commitment. This is because sometimes residents and decision makers need to co-share 
the costs of upgrading programmes though their views concerning who should pay for the 
upgrading and their willingness to pay will be greatly affected by their socio-economic 
background.  
 
At the same time, the respondents regarded the attributes of inconvenience time and 
degree of disruption as the second and third negatively influencing attributes under the 
criterion of negative impacts caused by building adaptation. This can be partially 
explained by Chudley’s (1981) study and Low’s study (1996). Both Chudley and Low 




and noise as well as disrupted residents’ schedule and life-style. Furthermore, Chudley 
(1981) proposed that a higher degree of planning and control implemented in adaptation 
activities to reduce such disturbances to an acceptable level is necessary.  
9.2.3.4 Hypothesis 2.4: Urban planning policies  
The t-tests of the survey results in Table 9.5 show the attributes identified that are related 
to urban planning policies.  










have an impact 
on the BAP? 
(1) Land planning     
r29 Control of plot ratio for 









r30 Control of height limit for 









(2) Transportation planning      
r31 Control of transportation 










     Note: -3=strongly negative impact; 0=no impact; 3=strongly positive impact. 
Two hypotheses under the factor of urban planning policies are identified and given 
below:  
(1) H2.4.1: Control of plot ratio (r29) and control of building height (r30) should exert a 
negative impact on the determination of the BAP.  
(2) H2.4.2: Transportation planning policies (r31) should negatively impact the BAP. 
 
From the t-tests of survey results in Table 9.5, it was found that the calculated t values 




transportation planning were -1.61, -1.41 and -0.96 respectively. These calculated t 
values range from -2.010 and 2.010. According the hypotheses definition, the null 
hypothesis that the attributes of control of plot ratio, control of height limit and control of 
transportation planning have no impact on the building adaptation potential cannot be 
rejected. These findings are not surprising, because urban planning policies in Singapore 
are beyond the public housing authority’s control. They can do little to influence the 
alteration of urban planning policies when the urban planning authority—the Singapore 
Urban Redevelopment Authority (URA) has implemented such policies.  
 
Compared to micro-level building adaptation activities, urban planning policies might be 
more closely related to urban renewal. For instance, Hui et al. (2008) observed that the 
laggard pace of urban renewal activities in Hong Kong can be attributed to its urban 
planning policies where no stimuli were available to attract private sectors’ participation 
in these renewal projects.  
9.2.3.5 Hypothesis 2.5: building sustainability performance  
The t-tests of the survey in Table 9.6 show the attributes identified that are related to 
building sustainability performance.  

















impact on the 
BAP? 
 Building environmental sustainability     
r32 Electricity consumption (EC) 2.08 14.94 .000 Yes 
r33 Water usage (WU) 1.76 11.08 .000 Yes 
r34 Air pollution (AP) 1.55 11.08 .000 Yes 




















impact on the 
BAP? 
 Building environmental sustainability     
r32 Electricity consumption (EC) 2.08 14.94 .000 Yes 
r33 Water usage (WU) 1.76 11.08 .000 Yes 
r34 Air pollution (AP) 1.55 11.08 .000 Yes 
r35 Facilities for waste management (FWM) -0.57 -2.26 .028 Yes 
r36 Indoor environmental quality (IEQ) -1.37 -8.33 .000 Yes 
Note: -3=strongly negative impact; 0=no impact; 3=strongly positive impact. 
 
Two sub-hypotheses under environmental building sustainability are identified in Table 
9.6 and discussed below:  
H2.5.1.1: Electricity consumption (r32), water usage (r33) and the severity of air pollution 
(r34) should have a positive impact on the BAP. 
H2.5.1.2: Facilities for waste management (r35) and indoor environmental quality (r36) 
should impose a negative impact on the BAP. 
 
The t-tests of the survey results in Table 9.6 show that the ingredients representing 
environmental building sustainability performance have an impact on the computation of 
the BAP. These attributes fall into two categories: positive impact and negative impact. 
Attributes of electricity consumption (EC), water usage (WU) and air pollution (AP) 
impose a positive impact on the BAP. These findings imply that if a building consumes 
substantial electricity and water and meanwhile vastly causes air pollution, this building 
might demand aggressively corrective actions to improve its sustainability performance. 
This statement corresponds to the argument made by Douglas (2006, p.14) that 





The remaining building sustainability indicators: facilities for waste management and 
indoor environmental quality are negatively linked with the BAP. These results indicate 
that a good indoor environmental quality may decrease the need for a building to be 
adapted if other things are constant. The same conclusion can be applied to the attribute 
of facilities for waste management. The above-stated results can be supported by 
Douglas’s study (2006) and Watson’s study (2009), which argued that building 
sustainability performance shall be seriously taken into account when selecting buildings 
for adaptation in order to make existing buildings fulfil sustainable requirements.  
9.3 HOUSE Model Construction  
9.3.1 Inputs of HOUSE model construction 
The inputs of the HOUSE model include attributes, criteria and factors. Figure 9.1 
demonstrates the HOUSE model that comprises these attributes, criteria and factors. 
Along with these inputs, a set of equations were used for extracting importance weights 
for each attribute, criterion and factor. These formulas were illustrated in Section 5.2.1 


































Figure 9.1: The framework for the computation of building adaptation potential 
Housing obsolescence 
 Physical obsolescence 
 Economic obsolescence 
 Technical obsolescence 
 Functional obsolescence 
 Social obsolescence 
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 Land and transport  
 
Expected impacts 
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Building age 
 Degree of structural and surface defects 
 Rental income level of the existing building 
 Building services  
 Suitability of use 
 Flexibility of original design 
 Building height 
 Acoustic separation  
 Provision of means of fire escape  
 Aesthetic qualities   
 Ability for the existing building to comply 
with latest building regulations  
 Occupants’ satisfaction with building 
quality 
 Occupants’ satisfaction with building 
condition 
 Occupants’ satisfaction with building 
facilities 
 Occupants’ satisfaction with surrounding 
environment 
 Occupants’ satisfaction with building 
service  
 Occupants’ financial situation 
 Occupants’ awareness and knowledge of 
adaptation activities 
 Occupants’ expectation of future benefits 
 Reduction of air pollution  
 Energy saving potential 
 Maintenance cost saving potential 
 Increase in market value 
 Extension of building’s lifespan 
 Enhanced externality 
 Adaptation cost 
 Disruption time  
 Degree of disruption 
 
 Control of plot ratio 
for future development 
 Control of height limit 
for future development 
 Control of 
transportation 




 Water use  
 Air pollution (CO2) 
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Figure 9.1 shows that 36 attributes are related to the computation of the BAP (the detailed 
discussion of them was given in section 9.2.3), indicating that the majority of them have 
an impact on the determination of the BAP except building height (BH), control of plot 
ratio (CPR), control of height limit (CHL) and transportation planning (TP). Following 
Equation 5.2, the importance weight for each attribute was computed and indicated in 
Table 9.7.  









 1.1. Occupants’ utility     
1.1.1 Occupants’ satisfaction with building quality (SBQ) -0.92 -3.881 .000 -0.1592 








1.1.3 Occupants’ satisfaction with building facilities (SBF) -0.92 -4.461 .000 -0.1592 








1.1.5 Occupants’ satisfaction with building services (SBS) -1.49 -5.570 .000 -0.2578 
 1.2 Occupants’ risk preference     
1.2.1 Occupants’ financial situation (OFS) 1.41 8.172 .000 0.3092  







.000 0.3004  







.000 0.3904  
 2.1 Physical obsolescence     
2.1.1 Building age (BA) 2.41 22.136 .000 0.5021  
2.1.2 Degree of structural and surface defects (DSD) 2.39 21.273 .000 0.4979  
 2.2 Economic obsolescence     
2.2.1 Rental income level for existing building (RIL) -0.57 -2.619 .012 -1.0000 
 2.3 Functional obsolescence     
2.3.1 Building services (BS) -1.18 -4.086 .000 -0.3806 
2.3.2 Suitability for use (SU) -1.02 -3.619 .001 -0.3290 




2.3.4 Building height (BH) -0.35 -1.611 .114 0.0000 
 2.4 Technological obsolescence     
2.4.1 Noise separation (NS) -0.69 -3.463 .001 -0.4340 
2.4.2 Means of fire escape (MFE) -0.90 -3.701 .001 -0.5660 
 2.5 Social obsolescence     
2.5.1 Appearance attractiveness (AA) -0.96 -4.750 .000 -1.0000 
 2.6 Legal obsolescence     








 3.1. Positive impacts after adaptation     
3.1.1 Reduction of air pollution in the long run (RAP) 1.55 11.324 .000 0.1204  
3.1.2 Electricity saving potential in the long run (ESP) 2.43 21.503 .000 0.1918  
3.1.3 Maintenance cost saving in the long run (MCS) 2.53 23.975 .000 0.1997  
3.1.4 Increase in market value (IMV) 2.31 17.174 .000 0.1846  
3.1.5 Extension of physical life (EPL) 2.06 15.277 .000 0.1616  
3.1.6 Enhanced externality (EE) 1.80 12.848 .000 0.1418  
 3.2. Negative impacts during adaptation     
3.2.1 Adaptation cost (AC) -2.27 -20.930 .000 -0.3763 
3.2.2 Inconvenience time (IT) -2.00 -18.330 .000 -0.3311 
3.2.3 Degree of disruption (e.g. dust and noise) (DD) -1.78 -12.623 .000 -0.2926 
 4.1 Land and transportation     
4.1.1 Control of plot ratio for future development (CPR) -0.43 -1.613 .113 0.0000  
4.1.2 Control of height limit for future development (CHL) -0.35 -1.407 .166 0.0000  
4.1.3 Transportation planning for future development (TP) -0.24 -0.960 .342 0.0000  
 5.1 Environmental building sustainability     
5.1.1 Electricity consumption (EC) 2.08 14.938 .000 0.2877  
5.1.2 Water usage (WU) 1.76 11.076 .000 0.2416  
5.1.3 Air pollution (AP) 1.55 11.076 .000 0.2123  
5.1.4 Facilities for waste management (FWM) -0.57 -2.263 .028 -0.0726 
5.1.5 Indoor environmental quality (IEQ) -1.37 -8.329 .000 -0.1858 
Note: The significance level a is set at 0.05;  
          ai is the importance rating for the i
th
 attribute;  






Based on Equation 5.3 and Equation 5.4, the importance weighs for individual criteria 
were calculated and presented in Table 9.8, showing that there are 12 criteria imposing 
impacts on the BAP, such as occupants’ utility and environmental building sustainability 
before adaptation. They fall into two categories; one group of these criteria are positively 
linked with building adaptation potential, and another group are negatively associated 
with building adaptation potential. Table 9.8 reports that the criterion of ‘Environmental 
building sustainability’ achieves the highest importance weight (importance 
weight=1.0000). This result implies that environmental building sustainability is fully 
acknowledged by decision makers for building renewal projects in Singapore. This might 
be partially attributed to the launch of the Green Mark Scheme.  
Table 9.8: Importance weights of individual criteria 
 Criterion Importance weight for criterion (wj) 
(1) Owners’ utility  -0.4320 
(2) owners’ risk preference  0.5680 
(3) Physical obsolescence  0.3727 
(4) Economic obsolescence  -0.0885 
(5) Functional obsolescence  -0.1203 
(6) Technological obsolescence  -0.1234 
(7) Social obsolescence -0.1491 
(8) Legal obsolescence  -0.1460 
(9) Positive impacts  0.5134 
(10) Negative impacts  -0.4866 
(11) Land and transportation planning policies 0.0000 
(12) Environmental building sustainability  1.0000 
            Note: the importance weight ranges from 0.0000 to 1.0000.  
 
Following that is the criterion of ‘occupants’ risk preference before adaptation’ 
(importance weight=0.5680). The result indicates that occupants’ risk attitudes are 




occupants’ risk-seeking attitude (positive risk attitude) would increase the likely success 
of building adaptation. Conversely, the success chance of building adaptation will 
decrease if they have a high level of risk aversion attitude (negative risk attitude). In 
reality, occupants’ risk attitudes tend to be more negative if their financial situation is 
bad. Likewise, occupants are likely to be risk-averse if they have lower awareness, poor 
knowledge of adaptation activities, or lower expectation of value enhancement arising 
from adaptation works. 
 
The third important criterion that is positively related to building adaptation potential is 
the criterion of ‘Positive impacts after adaptation’. Figure 9.1 shows that positive impacts 
after adaptation, such as reduction of air pollution in the long run (RAP), electricity 
saving potential in the long run (ESP), maintenance cost saving potential in the long run 
(MCS), increase in market value (IMV), extension of physical life (EPL), and enhanced 
externality (EE), might contribute to an increase in the potential that a building needs to 
be adapted. An underlying reason is that potential benefits arising from building 
adaptation activities may encourage decision makers to launch new renewal projects. If 
they foresee that building adaptation will yield more benefits, they are more likely to 
carry out aggressive adaptation plans. For instance, if building adaptation can 
significantly reduce the electricity consumption for a building, property managers in the 
Singapore public housing sector will prefer to either renovate or rebuild existing 
buildings than retain the buildings, largely due to the fact that the spending on electricity 
consumption for public housing accounts for about one-third of the total annual 





By contrast, the criterion with the highest negative importance weight is ‘Negative 
impact during adaptation’, with the importance weight of -0.4883. It is followed by the 
criterion of occupants’ utility (importance weight=-0.4320). Negative impact during 
adaptation, such as inconvenience time and disruption caused, would greatly decrease the 
potential of a building needing adaption because inconvenience and disruption will affect 
occupants’ willingness to support adaptation initiatives.  
 
It can be noted from Table 9.8, however, that the importance weight for the criterion of 
‘Land and transportation planning policies’ is 0.0000, indicating that it has no impact on 
the determination of building adaptation potential.  
9.3.4 Factor  
According to Equation 5.5 and Equation 5.6, the importance weights of individual factors 
are computed and presented in Figure 9.2, revealing that ‘Building sustainability 
performance’ (importance weight=0.5755) was viewed as the top factor with a positive 
impact on the BAP. It implies that decision makers in both the HDB and each town 
council of Singapore appreciate the significance of building sustainability performance to 
building adaptation. It can be attributed to their consciousness that sustainable 
development is the government’s goal and is the new trend of development in Singapore.  
 
The result corresponds to the argument made by Douglas’s (2006) and Watson (2009). 
They noted that building sustainability performance plays a significant role in building 
adaptation to ensure that existing buildings accommodate sustainable requirements. This 




performance into the existing factors they use, which entail building age, building 
condition and a good geographical spread of precincts across the public housing estates 
(HDB, 2008).  
 
Notwithstanding, it might be a gradual process. While adopting the factor of building 
sustainability performance, one barrier they have to overcome is the implementation gap 
in sustainable building practices (Bueren, 2001). It is pertinent to anticipate that they may 
not easily change the way they are used to in adapting public housing. The change 
highlighted above will likely occur when they foresee great benefits arising from it and 
have an in-depth understanding of its implications. 
 
The second important factor that has a positive impact on the determination of the BAP is 
‘occupants’ attitude’ (importance weight=0.1514). The result provides readers with 
scientific evidence for 75% of the eligible households supporting adaptation programmes 
launched by the HDB (Low, 1996). This result also verifies the findings of Yu’s study 
(2004), who noted that adaptation of public estates concerns occupants’ interests in many 
ways and they therefore should be actively involved in the adaptation decision making 
process. The reason is that the level of individual involvement in the decision-making 
process is relevant to its successful implementation in the later stage (Petty and Cacioppo, 
1986). 
 
At the same time, the level of involvement might increase the likelihood of them 
understanding and appreciating a decision (Heath et al., 1995). Dervin (1998) stated that 




losses have “taken on some kind of personal reality or usefulness for the individual” (p. 
68). Generally speaking, someone with deep involvement and regular analysis of the 
issues more often, is more likely to prefer the decisions that contain comprehensive 
negotiations and arguments (HDB, 2011b; Zadeh, 1965), and attain greater knowledge 
levels (Yeung and Drakakis-Smith, 1974). 
 
‘Expected impacts’ (importance weight=0.0457) is the third influential factor for the 
BAP. It can be attributed to the fact that if expected benefits from a renewal project 
outweigh its negative impacts, decision makers would be motivated to put it into practice. 
The benefits originate mainly from the cost saving either through the reduction of the 
long-term maintenance cost or the reduction of electricity consumption. Besides, building 
adaptation might have indirect benefits such as retaining community links and the 
heritage value of a building (Ball, 2002). Under such circumstances, the adaptation 
potential for a given building could be enhanced. This finding is consistent with that of 
Langston et al. (2008). They explained that the extent of building adaptive reuse potential 
will be partially determined by expected benefits like maximising wealth and minimising 
resources arising from adaptation.   
 
Figure 9.2 also demonstrates that the factor of ‘Urban planning policies’ has no impact on 
the determination of the BAP. The respondents stated that despite the significant role of 
urban planning in urban renewal, urban planning policies were beyond their control. 
Therefore, they normally consider urban planning policies as a system factor like the 
private market. In other words, they tend to pay little attention to the impact of urban 




explained by the fact that while a person’s behaviours are constrained psychologically 
and physically by factors beyond their own controls, his capability of performing a 
behaviour required to produce certain outcomes and his access to certain rights are 
limited (Petty and Cacioppo, 1981).  
 
Under such circumstances, he is prone to take into account only the factors that are under 
his own control while making decisions. This finding contradicts the argument of 
Wilkinson et al. (2009) that constraints from local urban policies such as incentives and 
legislations may influence the scope of building adaptation. Nevertheless, Gann and 
Barlow (1996) agreed that the urban environment is difficult to change to cater for 
accommodating the adaptation needs of individual buildings because change would 
require major urban planning considerations.  
 
The only factor that has a negative impact on the determination of the BAP is the factor 
of ‘Housing obsolescence’ (importance weight=-0.2273). According to Nutt et al. (1976), 
housing obsolescence refers to “the degree of uselessness of a building relative to the 
conditions prevailing in the population of similar building stock as a whole”, and the 
degree of housing obsolescence will change over time. The degree of uselessness will 
increase when the resources provided by the building decrease (Douglas, 2006; Nutt et 
al., 1976), and in turn it enhances the adaptation potential for the building. A similar 
finding was reported by Langston et al. (2008) who stated that the assessment of housing 





The above discussion supports the proposition that Building Adaptation Potential (BAP) 
is determined by occupants’ attitude (utility and risk preference) before adaptation, 
housing obsolescence, prospective impacts (positive and negative) associated with 
adaptation, building sustainability performance and urban planning policies. 
9.3.5 Importance weights (a hierarchy tree) 
The above discussion in sections 9.3.1, 9.3.2, 9.3.3, and 9.3.4 was integrated into a 
hierarchical structure, depicted in Figure 9.2. This hierarchy tree explicitly demonstrates 
the importance weight for each element (attribute, criterion, and factor). It can be seen 
from Figure 9.2 that two criteria were identified under the factor of occupants’ attitudes: 
occupants’ utility and occupants’ risk attitudes. Six criteria under the factor of housing 
obsolescence were identified, including physical, economic, functional, technological, 
social and legal obsolescence. Two criteria under the factor of expected impacts were 
identified. One criterion was identified under the factor of urban planning policies. One 
criterion was discussed under the factor of building sustainability performance. The full 
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9.3.6 Ratings of attributes 
As discussed in section 5.2.2, there are two techniques to rate the attributes: the 
theoretical approach (Keeney and Raiffa, 1976) and the direct approach (Dawes and 
Corrigan, 1974; Einhorn and Hogarth, 1975). The direct approach is widely 
recommended by many researchers such as Ling (1998) and Olson et al.(1995), for 
decision makers are more familiar with it. Moreover, the Decile scale (0 to 10) is used in 
this study to rate the attributes for the BAP largely because it is more advantageous to the 
percentile scores (0 to 100) and normalised scores (0 to 1).  
 
Table 9.9 presents a sample of the rating. For instance, the respondents were asked to 
indicate the ratings for the attributes of occupants’ satisfaction with building qualities and 
degree of structural and surface defects from 0 to 10 for a specific building. The detailed 
design of the ratings for 36 attributes is given in section 5.6. 
Table 9.9: A sample of the ratings for two attributes 
 
9.3.7 Aggregation formula 
According to the discussion in section 5.2.3, the value of building adaptation potential 
(BAP) was computed by adopting the multi-attribute value technique (MAVT). This 
No Attribute Rating  
1.1 Occupants’ 
satisfaction with 
building qualities  
0 1 2 3 4 5 6 7 8 9 10 
Unacceptable Tolerable Average Satisfactory Very  
satisfactory 
                                Your rating for item 1.1=___7.5_____ 
2.2 Degree of 
structural and 
surface defects of 
the existing 
building 
0 1 2 3 4 5 6 7 8 9 10 
Very low  Low  Neutral  High  Very high  




approach involves three main inputs, including: importance weights assigned to 
individual attributes, ratings for individual attributes, and an aggregation rule to compute 
the BAP for a given building by multiplying the rating for an attribute and the weight of 
each attribute and then summing up the products over all the attributes. As a result, the 








BAPBAP   ..….  Equation 9.8  
Where: 
BAP is the building adaptation potential for the building, and it is derived by adding the 
adaptation potential for individual factors (BAPk). In order to make the BAP results of 
different buildings wider enough to be differentiated, each output is timed by 100.  At the 
















rWWrWWrWWWBAP    ……  Equation 9.9 
Where: 
BAPk is the building adaptation potential obtained from the k
th
 factor, 
wk is the importance weight of factor k, 
wkp is the importance weight of criterion p under factor k, 
wkph is the importance weight of attribute h under criterion p, 
rkph: The rating given to the attribute h under criterion p. 
 
Table 9.10: BAP computation processes. The importance weight of each attribute (wi) 
was derived from section 9.3.2 and listed in column (3). It was multiplied by the 
importance weight of each criterion (wj) (in column (4)), the importance weight of each 




results are indicated in column (7) of Table 9.10. The value of the BAP can be attained 
by summing up the figures in Column (7) over all the 36 attributes. 















1. Occupants’ attitude before adaptation    0.1526   
1.1. Occupants’ utility   -0.4320    
Occupant’s satisfaction with building quality (SBQ) -0.92 -0.1592   r1    w1│w1w1│r1 
Occupant’s satisfaction with building condition (SBC) -1.39 -0.2405   r2 w2│w1w1│r2 
Occupant’s satisfaction with building facilities (SBF) -0.92 -0.1592   r3 w3│w1w1│r3 








Occupant’s satisfaction with building services (SBS) -1.49 -0.2578   r5 w5│w1w1│r5 
1.2 Occupants’ risk preference    0.5680   
Occupant’s financial situation (OFS) 1.41 0.3092    r6 w6│w2w1│r6 
Occupant’s awareness and knowledge of adaptation 
activities (OAK) 
 
1.37 0.3004  




Occupant’s expectation for value enhancement (OEV) 1.78 0.3904    r8 w8│w2w1│r8 
2. Housing obsolescence before adaptation    -0.2282   
2.1 Physical obsolescence   0.4093    
Building age (BA) 2.41 0.5021    r9 w9│w3w2│r9 
Degree of structural and surface defects (DSD) 2.39 0.4979    r10 w10│w3w2│r10 
2.2 Economic obsolescence   -0.0972    
Rental income level for existing building (RIL) -0.57 -1.0000   r11 w11│w4w2│r11 
2.3 Functional obsolescence   -0.1563    
Building services (BS) -1.18 -0.4291   r12 w12│w5w2│r12 
Suitability for use (SU) -1.02 -0.3709   r13 w13│w5w2│r13 
Flexibility of original design (FOD) -0.55 -0.2000   r14 w14│w5w2│r14 
Building height (BH) -0.35 0.0000   r15 w15│w5w2│r15 
2.4 Technological obsolescence   -0.1103    
Noise separation (NS) -0.69 -0.3557   r16 w16│w6w2│r16 
Means of fire escape (MFE) -0.90 -0.4639   r17 w17│w6w2│r17 
2.5 Social obsolescence    -0.1637    
Appearance attractiveness (AA) -0.96 -1.0000   r18 w18│w7w2│r18 












3. Prospective impacts related to building adaptation   0.0405   
3a. Positive impacts after adaptation   0.5117    
Reduction of air pollution in the long run (RAP) 1.55 0.1222    r20 w20│w9w3│r20 
Electricity saving potential in the long run (ESP) 2.43 0.1916    r21 w21│w9w3│r21 
Maintenance cost saving in the long run (MCS) 2.53 0.1995    r22 w22│w9w3│r22 
Increase in market value (IMV) 2.31 0.1822    r23 w23│w9w3│r23 
Extension of physical life (EPL) 2.06 0.1625    r24 w24│w9w3│r24 
Enhanced externality (EE) 1.80 0.1420    r25 w25│w9w3│r25 
3b. Negative impacts during adaptation   -0.4883    
Adaptation cost (AC) -2.27 -0.3752   r26 w26│w10w3│r26 
Inconvenience time (IT) -2.00 -0.3306   r27 w27│w10w3│r27 
Degree of disruption (e.g. dust and noise) (DD) -1.78 -0.2942   r28 w28│w10w3│r28 
4. Urban planning policies    0.0000   
4.1 Land and transportation    0.0000    
Control of plot ratio for future development (CPR) -0.43 0.0000    r29 w29│w11w4│r29 
Control of height limit for future development (CHL) -0.35 0.0000    r30 w30│w11w4│r30 
Transportation planning for future development (TP) -0.24 0.0000    r31 w31│w11w4│r31 
5. Building sustainability before adaptation    0.5786   
5.1 Environmental building sustainability   1.0000    
Electricity consumption (EC) 2.08 0.2838    r32 w32│w12w5│r32 
Water usage (WU) 1.76 0.2401    r33 w33│w12w5│r33 
Air pollution (AP) 1.55 0.2115    r34 w34│w12w5│r34 
Facilities for waste management (FWM) -0.57 -0.0778   r35 w35│w12w5│r35 
Indoor environmental quality (IEQ) -1.37 -0.1869   r36 w36│w12w5│r36 
                   BAP= [ΣΣΣ(wi|wj|wk|ri)]×100  
 
Note: ai is the importance rating for the i
th
 attribute before t-test 
          wi is the importance weight for the i
th
 attribute (i=1,2, 3, …, 36)  
          wj is the importance weight for the j
th
 criterion (j=1,2,3,…, 12)  
          wk is the importance weight for the k
th
 factor (k=1,2,3,4 and 5 




9.4 HOUSE Model Application  
According to the triangulation notion proposed by Hammersley and Atkinson (1983), a 




HOUSE model was therefore applied to three public residential buildings in Singapore, 
including Block 331 at Clementi Ave 2, Block 116 at Simei Street 1, and Block 403 at 
Clementi Ave 1 (in Figure 9.3). First, Block 331 was built around 1990 and has been 
selected as a candidate for the Repair and Repainting programme by the West Coast 
Town Council (WCTC). Second, Block 116 and Block 403 were 23 and 35 years old 
respectively. Block 116 has been selected as a candidate for the Neighbourhood Renewal 
Programme (NRP) by the East Coast Town Council (ECTC), and Block 403 has been 
selected as a candidate for the Selective En-bloc Redevelopment Scheme (SERS) by the 
HDB. These renewal projects commenced in December 2010.  
  
Figure 9.3: The profiles of the selected buildings (case 1, 2 and 3) 
The decision makers who are responsible for the management of the case buildings, along 
with occupants staying in these buildings, were invited to rate attributes listed in column 
(1) of Table 9.10, indicating their ratings from 0 to 10. Here, unlike the survey stages 
where occupants of public housing do not have the knowledge of assigning weights to 
attributes, a number of face-to-face interviews with public housing occupants were 




conducted in the model validation phase, because they know their own buildings well, 
and are able to provide the ratings for these specific buildings, such as building age. The 
characteristics of these buildings and the number of the participants in the three case 
studies are shown in Table 9.11. The participants were provided with a brief introduction 
about this research at the beginning of each interview so as to surmount potential 
response bias and consequently enhance the reliability and validity of survey data 
(Robson, 2002). Besides, their experience of renewal projects was also asked to ensure 
the trustworthiness of their responses.  
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In order to compute the BAP for the three buildings, both Equations 9.8 and 9.9 were 
adopted. The computation processes are indicated in Table 9.12 and Table 9.13 
respectively. The importance weight of each attribute (wi) was reproduced in column (2) 
of Table 9.12. Thereafter, the sum of wiri was computed, and was multiplied by the 
importance weight of each criterion (wj). The importance weight of each factor (wk) was 
then multiplied by the figures of column (4). By summing up the figures in column (5) 
over all the 36 attributes, the BAP score for the case 1 was obtained. The same 
procedures were followed for the BAP computation of the cases 2 and 3. As a result, the 





















1.  Occupants’ attitude before adaptation 
     1.1 Occupants’ satisfaction with building quality  6.00 -0.1592 -0.9375 -0.4126 -0.0625 
1.2 
Occupants’ satisfaction with building 
condition (e.g. structural or surface defects)  
 
5.78 -0.2405 -1.3628 -0.6002 -0.0909 
1.3 Occupants’ satisfaction with building facilities  5.67 -0.1592 -0.8844 -0.3896 -0.0590 
1.4 
Occupants’ satisfaction with surrounding 
environment  
 
6.33 -0.1834 -1.1412 -0.5018 -0.0760 
1.5 Occupants’ satisfaction with building services  6.11 -0.2578 -1.5468 -0.6806 -0.1030 
1.6 Occupants’ financial situation  5.89 0.3092 1.8166 1.0343 0.1566 
1.7 
Occupants’ awareness and knowledge of 
adaptation activities 
 
6.67 0.3004 1.9693 1.1377 0.1722 
1.8 Occupants’ expectation of value enhancement  6.22 0.3904 2.3858 1.3796 0.2089 
2. Housing obsolescence before adaptation   
    2.1 Building age  5.00 0.5021 3.4589 0.9356 0.2127
2.2 Degree of structural and surface defects  4.89 0.4979 2.6555 0.9072 0.2062 
2.3 Rental income level for existing building 5.33 -1.0000 -5.6667 -0.4720 -0.1073 
2.4 Building services 5.89 -0.3806 -2.5269 -0.2697 -0.0613 
2.5 Suitability for use  6.44 -0.3290 -2.3902 -0.2551 -0.0580 
2.6 Flexibility of original design  5.56 -0.1774 -1.1111 0.0000 0.0000 
2.7 Building height  5.44 0.0000 0.0000 0.0000 0.0000 
2.8 Noise separation  5.22 -0.4340 -1.8575 -0.2797 -0.0636 
2.9 Means of fire escape  5.00 -0.5660 -2.3195 -0.3492 -0.0794 
2.10 Appearance attractiveness  4.89 -1.0000 -4.8889 -0.7289 -0.1657 
2.11 
The ability for existing buildings to comply 
with current building regulations  
 
6.00 -1.0000 -5.8756 -0.8760 -0.1991 
3a Positive impacts after adaptation   
    3.1 Reduction of air pollution in the long run 4.44 0.1204 0.5431 0.2748 0.0126
3.2 Electricity saving potential in the long run 5.89 0.1918 1.1283 0.5798 0.0265 
3.3 Maintenance cost saving in the long run  5.56 0.1997 1.1083 0.5695 0.0260 
3.4 Increase in market value  6.67 0.1846 1.2147 0.6319 0.0284 
3.5 Extension of physical life  5.89 0.1616 0.9569 0.4887 0.0223 
3.6 Enhanced externality after adaptation 6.80 0.1418 0.9659 0.4953 0.0226 
3b Negative impacts during adaptation   
    3.7 Adaptation cost 7.22 -0.3763 -2.2095 -1.3223 -0.0604
3.8 Inconvenience time  5.44 -0.3311 -1.7999 -0.8772 -0.0401 
3.9 Degree of disruption (e.g. dust and noise)  5.22 -0.2926 -1.5364 -0.7436 -0.0340 
4 Urban planning policies   
    4.1 Control of plot ratio for future development 4.86 0.0000 0.0000 0.0000 0.0000
4.2 Control of height limit for future development 5.25 0.0000 0.0000 0.0000 0.0000 





5 Building sustainability before adaptation   
    5.1 Electricity consumption  5.22 0.2877 1.4821 1.5025 0.8647
5.2 Water usage  5.89 0.2416 1.4139 1.4229 0.8189 
5.3 Air pollution  5.33 0.2123 1.1280 1.1322 0.6516 
5.4 Facilities for waste management  5.33 -0.0726 -0.3890 -0.3873 -0.2229 








According to the weighting and rating system defined in this research, the value of the 
BAP ranges from 0 to 219.55: if the value of the BAP is zero, it indicates that the specific 
building has no desirability for renewal; if the value of the BAP is 219.55, it implies that 
the specific building has the highest desirability. Thus, the BAP of the case 1 building 
accounts for about half of the maximum adaptation potential for a building, suggesting 
that the adaptation potential for this case building is neutral; namely, there is a low degree 
of urgency that the selected building requires major building renewal actions. The reason 
is that the building has undergone several major renewal programmes over the past 
decade like the lift upgrading programme in 2010, and that the positive impacts stemming 
from further adaptation activities were not compelling, decreasing building occupants’ 
support for any major renewal programme. Thus, the decision makers in the WCTC 
decided to carry out merely regular maintenance like repainting the facades for the case 1 
building.      
 
From Table 9.13, it was also noted that compared with BAP1, the BAP of the case 2 
building increases by 28.60 per cent, implying that the second building is in need of a 
higher level of a renewal action for the following reasons. The dominant one is that the 




Furthermore, a larger percentage of young occupants stay in the second building and the 
younger households are more likely to welcome major changes to their flats, while many 
old residents staying in the first building find it difficult to cope with large changes. This 
result also offers evidence to support the HDB’s nomination of the case 2 building to 
undergo the NRP. The scope of the NRP here focused on the common areas of Block 
116: jogging track, fitness park, community garden, badminton court, covered overhead 
bridge, lighting system and cycling track (HDB, 2010c).  
 
Top in the ranks of the BAP is the case 3 building (BAP3=188.07), 57.87 per cent higher 
than BAP1 and 22.76 per cent higher than BAP2. Moreover, it was observed that BAP3 
accounts for 85.62 per cent of the maximum adaptation potential for a building, 
suggesting an extremely high adaptation potential for Block 403. Compared to the first 
and second buildings, the highest BAP value of the third one can be attributed to the 
highest degree of structural and surface defects (mean score=6.89) and the most 
compelling positive impacts rising from major renewal projects. It is also attributable to 
the worst building sustainability performance among the three buildings. The highest 
adaptation potential supports HDB’s decision of choosing Block 403 as the candidate for 
the SERS in which a new building will be constructed on a separate site before 



















1 Occupants’ attitude before adaptation   
1.1 Occupants’ satisfaction with building quality  6.20 5.70 
1.2 
Occupants’ satisfaction with building condition 
(e.g. structural or surface defects)  
5.60 5.90 
1.3 Occupants’ satisfaction with building facilities  4.80 5.90 
1.4 
Occupants’ satisfaction with surrounding 
environment  
5.20 5.60 
1.5 Occupants’ satisfaction with building services  7.00 4.70 
1.6 Occupants’ financial situation  6.80 5.75 
1.7 
Occupants’ awareness and knowledge of 
adaptation activities 
7.00 7.13 
1.8 Occupants’ expectation of value enhancement  7.40 6.86 
2. Housing obsolescence before adaptation     
2.1 Building age  5.00 7.00 
2.2 Degree of structural and surface defects  4.40 6.89 
2.3 Rental income level for existing building 6.40 5.50 
2.4 Building services 6.20 4.60 
2.5 Suitability for use  6.80 6.40 
2.6 Flexibility of original design  6.40 5.50 
2.7 Building height  6.60 6.10 
2.8 Noise separation  2.00 2.00 
2.9 Means of fire escape  7.60 5.30 
2.10 Appearance attractiveness  6.20 5.80 
2.11 
The ability for existing buildings to comply with 
current building regulations  
7.20 6.25 
3a Positive impacts after adaptation     
3.1 Reduction of air pollution in the long run 6.20 6.50 
3.2 Electricity saving potential in the long run 6.00 6.56 
3.3 Maintenance cost saving in the long run  5.80 6.60 
3.4 Increase in market value  7.20 7.40 
3.5 Extension of physical life  6.00 7.10 
3.6 Enhanced externality after adaptation 7.20 7.22 
3b Negative impacts during adaptation     
3.7 Adaptation cost 5.00 6.80 
3.8 Inconvenience time  5.40 6.40 
3.9 Degree of disruption (e.g. dust and noise)  5.60 6.90 
4 Urban planning policies     
4.1 Control of plot ratio for future development 5.40 4.50 
4.2 Control of height limit for future development 5.20 4.90 
4.3 Transportation planning for future development 7.40 5.40 




5.1 Electricity consumption  6.60 6.80 
5.2 Water usage  6.20 6.80 
5.3 Air pollution  6.25 6.10 
5.4 Facilities for waste management  5.20 4.70 





The above discussion reveals that the BAP values of the three case buildings are 119.07, 
153.13, and 187.98 respectively. Based on the model weights, the ranking was case 3, 
case 2 and case 1 in descending order of aggregate values. When importance weights for 
the factors were replaced with unit weights and the BAP scores were recalculated, there 
is no change in the rankings. This indicates that the rankings of BAP values were not 
sensitive to the weights. The details of sensitivities analyses for the HOUSE model are 
given in the following section.  
9.5 Sensitivity Analyses for HOUSE model 
Sensitivity analyses were performed to identify whether the outcome of the HOUSE 
model is sensitive to the change in the importance weights of factors stated above. From 
Figure 9.4, it was noted that the diagrams are of varied gradients. The flatter the line, the 
more sensitive the BAP score is to variance in the factor importance weight. The results 
show that the BAP scores change the most when the importance weight of the factor of 
occupants’ attitude is varied, while the BAP scores change the least when the weight of 
the factor of building sustainable performance is varied. Therefore, attention should be 
paid to the ratings of attributes under the factor of occupants’ attitude.  
 
The sensitivity analysis also implies that a factor with a high weight, such as the factor of 




greater impact on the BAP score than another factor with a lower weight like prospective 
impacts with adaptation activities (weight=0.0457).  
 
Figure 9.4: Sensitivity analysis result for each factor’s impact on the BAP score 
9.6 HOUSE Model Validation  
Having developed the HOUSE model, five professionals who are not available in the first 
and second stages of this study were invited to validate the model. They are public 
housing adaptation decision makers from the HDB and West Coast TC. Their particulars 
are provided in Table 9.14. Their responses are trustworthy. First, their average working 
years are 11.4 years; in particular, one professional has worked in this area for 30 years. 




Second, they possess high positions. For example, one of them is the general manager at 
the West Coast TC. Third, they had experience across various types of public housing 
renewal projects such as the R&R, LUP, IUP and SERS and therefore they are 
experienced and knowledgeable about the decision-making for building adaptation. 
Fourth, each briefing session normally lasted for about one hour to explain to the 
professionals about the research methods, findings and the resulting HOUSE model. A 
discussion was performed after each briefing to ensure that the respondents understood 
the purpose of the validation. Finally, they have great interest in this research because 
they were looking for a useful tool to help them select proper buildings for upgrading 
programmes.  
 
The validation process involves three steps. First, the professionals were asked to 
recommend buildings for the validation of the HOUSE model. In this research, 9 public 
buildings were chosen by following the practices of other researchers in the Singapore 
building sector. For example, Ling (1998) carried out her Consultant Selection Model 
validation with six design-and-build projects in Singapore. In addition, Faisal (2005) 
validated his Knowledge-Based Decision Support System (KBDSS) for management of 
variation orders with 2 hypothetical school building projects in Singapore. Toor (2009) 
invited 9 non-participant leaders to validate his Grounded Model of Authentic Leadership 
Development (GMALD) in the building industry.  
Table 9.14: The particulars of the professionals 





Type of renewal 
projects  
1 HDB Architect 3 3 LUP, HIP 




3 West Coast TC General manager 30 40 LUP, IUP, IUP Plus, 
HIP, SERS, R&R 
4 West Coast TC Property manager 10 20 IUP, R&R, 
Community Centre 
improvement projects 
5 West Coast TC Property manager 10 5 LUP, IUP, R&R 
 
 
Table 9.15: The features of the case buildings for the HOUSE model validation  




No. of occupants 
interviewed 
1 Block 171 at Boon Lay Drive 37 110 6 
2 Block 172 at Boon Lay Drive 37 110 4 
3 Block 174 at Boon Lay Drive 35 150 8 
4 Block 521 at Jurong West Street 52 30 200 10 
5 Block 639 at Jurong West Street 61 14 150 5 
6 Block 640 at Jurong West Street 61 14 150 5 
7 Block 642 at Jurong West Street 61 14 150 5 
8 Block 647 at Jurong West Street 61 14 150 6 
9 Block 990 at Jurong West Street 93 8 56 5 
 
The nine buildings have been recommended by the West Coast TC to the HDB for 
various levels of renewal projects. All of them are located in the West Coast constituency 
in order to control the differences of building profiles and residents’ profiles. Among 
them, Blocks 171, 172 and 174 are representative buildings completed in the 1970s, 
Block 521 in the 1980s, Blocks 640, 647, 639 and 642 in the 1990s and Block 990 in the 
2000s respectively. The features of the case buildings are indicated in Table 9.15 and 
their profiles are provided in Figure 9.5. Second, professionals proceeded to compute 
building adaptation potentials for the selected buildings based on their own measurement. 
Third, they applied the HOUSE model to the computation of the BAP for these buildings 
by taking into account the feedback from the occupants staying in these buildings. The 
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Figure 9.5: The profiles of the nine selected buildings 
9.6.1 The BAP values derived from the professionals’ judgement  
Without the help of the HOUSE model, professionals computed the adaptation potentials 
for these buildings based on their own judgement and the results are indicated in Table 
9.16. It was noted that the decision makers assigned the maximum adaptation potential 
values (the score=10.0) to Block 171 and Block 172, largely due to the fact that both of 
them are 37 years old, which are the oldest buildings among the batch. By contrast, they 




642 and Block 990, all below 2.0. The reason is that the building age of these buildings is 
less than 15 years. Compared with Block 171 and Block 172, they could be regarded as 
‘new’ buildings. The results indicated that based on the decision makers’ judgement, the 
demand for these buildings to undergo major renewal activities is weak. Meanwhile, 
Block 174 and Block 521 received modest adaptation potential values (6.0 and 5.0 
respectively).  
Table 9.16: The BAP values for the nine buildings using the professionals’ measurement 
S/N Case building Adaptation potential value  
1 Block 171 at Boon Lay Drive 10.0 
2 Block 172 at Boon Lay Drive 10.0 
3 Block 174 at Boon Lay Drive 6.0 
4 Block 521 at Jurong West Street 52 5.0 
5 Block 639 at Jurong West Street 61 1.7  
6 Block 640 at Jurong West Street 61 1.2 
7 Block 642 at Jurong West Street 61 1.2 
8 Block 647 at Jurong West Street 61 0.5 
9 Block 990A at Jurong West Street 93 0.3 
     Note: the maximum adaptation potential value is 10.0 and the minimum is 0. 
9.6.2 The BAP values generated by the HOUSE model 
The professionals who are responsible for the management of the case buildings, along 
with occupants staying in these buildings, were invited to rate attributes listed in column 
(1) of Table 9.17, indicating their ratings from 0 to 10. The features of these buildings 
and the number of the occupants interviewed for the nine case buildings are given in 
Table 9.15. A brief introduction about this research at the beginning of each interview 
was performed to mitigate potential response bias and consequently increase the 
trustworthiness and validity of survey data (Robson, 2002). Besides, their experience of 





With the help of the HOUSE model and the inputs from the occupants, professionals 
computed the adaptation potentials for the nine buildings and the results are indicated in 
Table 9.17. It was noted that the BAP value of Block 171 is 194.76, accounting for 
approximately 88.71 per cent of the maximum BAP value defined in the HOUSE model, 
largely the result of its old building age (37 years old) with serious building defects (the 
score=8.80). Compared to occupants living in Block 171, those staying in Block 172 are 
more tolerable with their current building conditions and services, though Block 172 
shares a common building age with Block 171 and has a slightly higher degree of 
building defects (the score=10.0).  
 
The BAP values of Blocks 171 and 172 are followed by the ones of Blocks 174 and 521, 
achieving adaptation potentials of 169.91 and 140.91 respectively. Meanwhile, the BAP 
values for the remaining buildings are below 80.00, explaining less than 36 per cent of 
the maximum BAP value generated by the HOUSE model. Compared to buildings 
completed in the 1970s and 1980s, buildings constructed in the 1990s and 2000s have 
better design, quality and facilities and provide better lift service. Therefore, occupants in 
these buildings are more satisfied with the building conditions than their counterparts in 
buildings completed in the 1970s and 1980s. The findings generated by the HOUSE 
model were compared to those obtained from professionals’ measurement. The results are 

































(6) (7) (8) (9) 
1.  Occupants’ attitude before adaptation ri  ri ri ri ri ri ri ri ri 
1.1 Occupants’ satisfaction with building quality  3.40 4.50 6.67 5.33 5.80 6.00 6.60 6.67 9.50 
1.2 Occupants’ satisfaction with building condition  2.40 4.50 6.67 5.78 5.20 6.00 6.20 7.00 9.00 
1.3 Occupants’ satisfaction with building facilities  4.00 4.00 3.67 5.44 5.20 6.20 5.20 6.50 9.50 
1.4 















7.20 6.83 9.00 
1.5 Occupants’ satisfaction with building services  3.60 4.50 4.00 5.78 4.40 5.50 6.40 6.83 9.50 
1.6 Occupants’ financial situation  4.00 4.00 2.33 5.25 2.80 4.00 3.80 4.50 7.50 
1.7 















2.60 3.20 7.00 
1.8 Occupants’ expectation of value enhancement  4.80 6.50 7.00 6.78 5.00 5.40 7.40 7.00 8.00 
2. Housing obsolescence before adaptation                
2.1 Building age  10.00 10.00 9.00 8.00 4.00 4.00 4.00 4.00 1.50 
2.2 Degree of structural and surface defects  8.80 10.00 7.67 5.67 4.20 4.20 5.20 4.20 4.50 
2.3 Rental income level for existing building 4.20 2.00 3.00 4.00 4.00 4.92 4.50 6.00 4.50 
2.4 Building services 4.40 3.50 4.50 5.56 5.40 4.60 5.60 6.50 9.00 
2.5 Suitability for use  5.00 4.50 4.67 6.44 6.40 6.40 7.00 7.00 8.00 
2.6 Flexibility of original design  4.00 4.50 5.33 6.00 5.75 6.20 6.00 5.67 7.00 
2.7 Building height  2.40 2.00 2.00 2.00 3.40 3.00 3.00 3.00 2.00 
2.8 Noise separation 2.00 4.50 5.00 6.11 4.60 5.40 6.00 5.83 7.00 
2.9 Means of fire escape  5.40 5.00 5.33 5.67 5.40 5.60 6.00 6.67 8.00 
2.10 Appearance attractiveness  3.40 3.00 4.00 5.00 5.00 4.80 4.60 5.67 7.00 
2.11 
The ability for existing buildings to comply with 














5.20 6.50 8.00 
3a Positive impacts after adaptation                




3.2 Electricity saving potential in the long run 4.00 4.50 7.33 3.56 5.33 6.00 4.20 5.17 7.50 
3.3 Maintenance cost saving in the long run  6.80 6.00 8.67 3.78 4.67 6.20 4.40 5.00 4.50 
3.4 Increase in market value  5.40 6.50 8.00 4.78 7.00 6.40 6.00 6.33 7.50 
3.5 Extension of physical life  5.80 4.00 8.67 4.44 5.67 6.00 6.67 5.83 7.50 
3.6 Enhanced externality after adaptation 6.20 8.00 5.33 5.00 6.00 6.60 5.33 5.80 7.50 
3b Negative impacts during adaptation                
3.7 Adaptation cost 1.60 2.00 3.00 2.56 1.75 3.80 3.00 4.80 6.50 
3.8 Inconvenience time  1.80 2.00 5.33 2.33 3.25 2.60 2.40 3.60 6.00 
3.9 Degree of disruption (e.g. dust and noise)  6.00 5.50 4.67 5.11 3.00 5.25 5.40 5.83 5.50 
4 Urban planning policies                
4.1 Control of plot ratio for future development 2.92 5.17 6.33 4.74 5.25 3.60 5.00 4.60 5.50 
4.2 Control of height limit for future development 2.20 5.34 3.67 4.72 5.25 2.60 4.75 4.20 5.50 
4.3 Transportation planning for future development 3.40 4.67 5.67 5.22 5.25 6.00 4.50 6.33 5.50 
5 Building sustainability before adaptation                
5.1 Electricity consumption  4.60 4.00 5.33 4.78 4.00 3.60 4.60 5.00 5.50 
5.2 Water usage  4.40 4.00 4.00 5.00 4.00 4.20 4.60 4.00 5.50 
5.3 Air pollution  5.20 4.00 6.22 5.67 3.50 4.80 4.40 5.17 5.50 
5.4 Facilities for waste management  1.00 1.00 2.43 2.67 4.20 3.60 5.40 5.17 7.50 
5.5 Indoor environmental quality  4.40 4.00 5.76 5.11 4.60 5.40 5.80 6.00 7.50 
  BAP 194.76 174.12 169.91 140.91 60.59 66.72 78.36 67.43 59.03 
Note: ri is the rating for the i
th




9.6.3 Comparison of the BAP results from the two sources 
The adaptation potential values for the nine buildings derived from the professionals’ 
own measurement and the HOUSE model are reproduced in Table 9.18 so as to rank their 
adaptation priorities in order. On the one hand, if the professionals’ own measurement is 
adopted, Block 171 and 172 possess the same order of priority for adaptation, followed 
by Block 174 and Block 521; Block 640 and Block 642 gained the same priority which 
was greater than that of Block 639 and Block 647, while Block 990 ranks last.  











BAP  Rank  BAP Rank  
1 Block 171 at Boon Lay Drive 10.0 1 194.76 1 Consistent  
2 Block 172 at Boon Lay Drive 10.0 1 174.12 2 Consistent 
3 Block 174 at Boon Lay Drive 6.0 3 169.91 3 Consistent 
4 Block 521 at Jurong West Street  52 5.0 4 140.91 4 Consistent 
5 Block 639 at Jurong West Street  61 1.7 5 60.59 8 Slightly 
inconsistent   
6 Block 640 at Jurong West Street  61 1.2 6 66.72 7 Slightly 
inconsistent   
7 Block 642 at Jurong West Street  61 1.2 7 78.36 5 Slightly 
inconsistent   
8 Block 647 at Jurong West Street  61 0.5 8 67.43 6 Slightly 
inconsistent   
9 Block 990 at Jurong West Street  93 0.3 9 59.03 9 Consistent 
 
Using the HOUSE model, on the other hand, a similar pattern of priority was observed. 
Blocks 171, 172, 174, 521 and 642 are among the top five buildings that call for higher 
attention than other buildings, while Block 990 is at the bottom of priority for adaptation. 
The results indicated that in general the adaptation potentials derived from the 




the HOUSE model is capable of predicting the urgency of the need for buildings to be 
renewed.  
 
Nevertheless, some deviation was observed in the comparison. For instance, Block 639 
ranks fifth based on the professionals’ judgement while it ranks eighth based on the 
HOUSE model. Similarly, Block 640 ranks sixth based on their own measurement but 
ranks seventh using the HOUSE model. The professionals assigned slightly higher BAP 
values to Blocks 639 and Block 640 compared to Block 647, because the former two 
buildings are close to the main road and can be physically grouped with the buildings 
across the road to form a contiguous precinct, and they have a good geographical spread 
of precincts across the various public housing estates.  
 
However, based on the HOUSE model, although Blocks 639, 640, 642 and 647 are 
similar in terms of building age and design, the BAP values of Block 639 and Block 640 
are lower than Block 642 and Block 647. The main reason is that the occupants’ financial 
situation in Block 639 is poorer than those in Blocks 640, 642 and 647. In addition, 
occupants staying in Block 639 and Block 640 have lower awareness and knowledge of 
adaptation activities and expectation of value enhancement compared to those living in 
Block 642 and Block 647. It was noted that compared to the HOUSE model, the 
professionals’ measurement did not take into account occupants’ attitudes in the 
determination of the BAP values. Notwithstanding this deviation, the HOUSE model is 
also able to differentiate the priorities among different buildings while the professionals’ 
measurement is not able to do so. For example, the latter cannot differentiate the 




9.7 Professionals’ Comments on HOUSE Model  
Professionals working in the HDB or town councils were invited to comment on the 
developed HOUSE model. The summary of their comments is given in Table 9.19. 
Table 9.19: Professionals’ comments on the HOUSE model 











 It is a structured framework; 
 It has good clarity in terms of framework. 
(2) Practical value:  
 It will enhance the capability for public 
housing agencies in predicting the potential for 
a building needing adaptation.  
 It can serve as supplementary software to aid 
decision makers for upgrading projects.  
2. HDB Property 
manager 
A very comprehensive model for estimating the 
Building Adaptation Potential because it covers a 
wide range of issues and factors. 




It is a more objective method to aid decision-
making pertaining to building adaptation.  




The HOUSE model encompasses a comprehensive 
guideline of physical, environmental and social 
impact of assessing and quantifying building 
upgrading potential.  




It is a structured framework that enhances the 
capacities for public housing agencies to make 
decisions for upgrading projects.   
 
In addition, they would like to use the HOUSE model to justify their recommendation of 
Block 171 and Block 172 at Boon Lay Drive, Singapore as the candidates for the SERS. 
More importantly, they would like to incorporate the HOUSE model into their decision 
making process, because at this moment they choose public buildings for upgrading 
programmes on the basis of heuristic knowledge or ‘rules of thumb’ (HDB, 2007b; 2008). 
Without the help of a scientific decision support tool, there exist debates between 




members (RC) and representatives from the HDB. They highlighted that the HOUSE 
model could help them mitigate these debates and reduce the negotiation time among 
these parties.  
9.8 Summary  
This chapter presents the survey results for attributes, criteria and factors that influence 
the determination of the BAP. It also discusses the inputs of the multi-attribute value 
technique (MAVT) used in this study. It consists of three levels: attribute, criterion and 
factor. In the attribute level, the results suggest that ‘adaptation cost’ (AC) is central to 
the attributes with negative impacts, followed by ‘inconvenience time’ (IT), while the top 
attribute with a positive impact is ‘maintenance cost saving’ (MCS) followed by 
‘electricity saving potential’ (ESP) and ‘building age’ (BA). In the criterion level, the 
result implies that environmental building sustainability is fully acknowledged by 
decision makers who are in charge of building renewal projects in Singapore. In the 
factor level, the results indicate that at the heart of the factors with positive impacts is 
building sustainability performance, followed by building occupants’ attitude and 
prospective impacts brought by adaptation activities, while housing obsolescence exerts a 
negative impact on the BAP. These findings provide a fundamental basis for developing a 
systematic building adaptation decision-making guide.  
 
Furthermore, by employing the MAVT, the adaptation potential for a specific building 
can be computed. The proposed HOUSE model is then applied to public residential 
buildings (with 577 units) in Singapore. The results show that the HOUSE model is 




were then invited to validate the HOUSE model by testing its capabilities and robustness 
of computing the adaptation potentials for public housing. The presented HOUSE model 
can aid decision makers to identify adaptation potential for existing residential buildings, 


















CHAPTER 10: ‘3R’ BRA MODEL CONSTRUCTION, 
APPICATION AND VALIDATION 
10.1 Introduction  
This chapter describes the survey results for the preference value of each renewal action, 
providing a basis for the establishment of the Attribute-Action database. Monte Carlo 
simulations (with 10,000 samples) are performed to reveal the relationship between the 
BAP and the BRA, which enables decision makers to choose proper renewal actions for 
buildings with given BAP values. The 3R BRA model is then applied to a public building 
with 200 units in Singapore. Subsequently, professionals are asked to comment on this 
model and compare the outcomes derived from their own measurement and the ‘3R’ 
BRA model.  
10.2 Preference Value for Building Renewal Action  
10.2.1 Mean preference value (MPV) for each action  
10.2.1.1 MPV under the factor of occupants’ attitude  
Table 10.1 reports the survey results relating to the preference values for the three 
renewal actions under the eight attributes associated with the factor of occupants’ 
attitude. For each attribute, five scenarios were introduced to the respondents. For 
instance, in terms of the attribute of occupants’ satisfaction with building qualities, five 
scenarios including ‘very satisfactory’, ‘satisfactory’, ‘acceptable’, ‘tolerable’, and 




asked to indicate their preference values (from 1 to 5) for each action (i.e. retaining, 
renovating and rebuilding), assumed that only this attribute is considered in the 
determination of appropriate renewal actions. Herein, 1 stands for no preference while 5 
means strong preference.  
 
If it is ‘very satisfactory’, the survey results (in Table 10.1) show that the mean 
preference values for retaining, renovating and rebuilding are 4.55, 1.53 and 1.06 
respectively. The results imply that if occupants are very satisfied with their current 
building qualities, the action of retaining receives a high preference value, and the action 
of renovation or rebuilding receives a low preference value. Under the scenario of 
‘unacceptable’, however, the preference value for the action of retaining decreases 
(MPV=1.57) while the preference values for both the actions of renovating (MPV=4.16) 
and rebuilding (MPV=4.31) increase.  
 
The high preference values for the latter two actions under the unacceptable scenario can 
be attributed to the fact that decision makers have to perform larger scales of corrective 
actions to ameliorate poor building qualities so as to satisfy building occupants. This 
result is similar to that of Arditi and Nawakorawit (1999) who pointed out that a 
building’s qualities like internal design usually attract compatible people; corrective 








Table 10.1: MPV for each action under occupants’ attitude 
No.  Factor and attribute Scenario N  Mean preference value (MPV)  
       Occupants’ attitude   Retaining  Renovating   Rebuilding 




Very satisfactory 49  4.55 1.53 1.06 
 Satisfactory 49 4.06 2.04 1.24 
 Acceptable 49 3.41 2.80 1.78 
 Tolerable 49 2.80 3.57 2.65 




Very satisfactory 49 4.47 1.45 1.08 
 Satisfactory 49 4.00 1.84 1.22 
 Acceptable 49 3.41 2.65 1.80 
 Tolerable 49  2.78 3.47 2.55 




Very satisfactory 49 4.45 1.41 1.24 
 Satisfactory 49 3.98 1.78 1.35 
 Acceptable 49 3.35 2.57 1.90 
 Tolerable 49 2.71 3.31 2.59 




Very satisfactory 49 4.39 1.61 1.22 
 Satisfactory 49  4.00 1.96 1.39 
 Acceptable 49 3.35 2.69 1.84 
 Tolerable 49 2.73 3.45 2.63 




Very satisfactory 49 4.43 1.51 1.27 
 Satisfactory 49 4.04 1.94 1.41 
 Acceptable 49 3.41 2.67 1.90 
 Tolerable 49 2.80 3.47 2.61 
 Unacceptable 49  1.90 3.88 3.63 
1.6 Occupants’ financial 
situation 
Very poor 49 4.45 1.61 1.41 
 Poor 49 4.20 1.71 1.59 
 Average 49 3.47 2.59 2.18 
 Rich 49 2.78 3.61 3.08 
 Very rich 49 2.37 4.08 3.61 
1.7 Occupants’ awareness 
and knowledge of 
adaptation activities 
Very low 49 3.88 2.00 1.67 
 Low 49 3.61 2.22 1.82 




 High 49 2.90 3.47 3.04 
 Very high 49 2.71 3.84 3.41 
1.8 Occupants’ 
expectation of  value 
enhancement 
Very pessimistic 49 3.98 1.71 1.51 
 Pessimistic 49 3.76 1.86 1.61 
 Neutral 49 3.16 2.73 2.43 
 Optimistic 49 2.63 3.55 3.24 
 Very optimistic 49 2.39 3.94 3.71 
Note: Retaining, renovating and rebuilding are three renewal actions considered in this  
          research.  
 
10.2.1.2 MPV for each action under the factor of housing obsolescence 
Table 10.2 reports the survey results relating to the preference values for the three 
renewal actions under the eleven attributes associated with the factor of housing 
obsolescence. It is found that respondents assigned a high score of preference 
(MPV=4.41) to the action of retaining when a building is very new, but a low preference 
value to either the action of renovating (MPV=1.29) or rebuilding (MPV=1.08). The 
findings suggest that if only the attribute of building age is taken into account in the 
determination of a suitable renewal action, decision makers would usually prefer 
‘retaining’ to ‘renovating’ or ‘rebuilding’ for a brand new building. This finding is 
consistent with HDB’s current building adaptation policies whereby the age of existing 
buildings selected for major renewal projects is at least 10 years old (HDB, 2007a). With 
a building less than 10 years old, for example, only a routine facade repainting or 
repairing will be undertaken.  
 
A similar pattern for the attribute of degree of structural and surface defects was 
observed, indicating that the retaining action receives a high preference value when the 




purpose of building adaptation, which is to defer building defects. As long as the degree 
of building defects is under control (i.e. very low, low or neutral), decision makers may 
not take serious remedial responses. Instead, they tend to keep a close eye on any changes 
in building defects and undertake corrective actions before building defects become a 
serious issue.  
 
Table 10.2 also shows that the change in the level of existing rental income is closely 
related to the preference score for different renewal actions. Decision makers are likely to 
keep existing buildings untouched so that building occupants are able to gain a 
sustainably high level of rental income. A possible reason is that any large alteration 
action would not attract potential renters and consequently stop the building occupants 
from earning the high rental income, owing to the fierce competition in the rental market. 
By contrast, a relatively high preference score is assigned to the action of renovating or 
rebuilding when the rental level drops or becomes unsatisfactory for the building 
occupants. Under such circumstances, they might support a substantial renewal project 
such as the replacement of some facilities or the improvement of the building 
environment so as to attract more renters who are able to offer compelling rental prices.  
 
In addition, it is interesting to observe that the attributes of building services and 
suitability for use achieve a quite similar pattern in terms of the preference value for each 
action under various scenarios. The action of retaining under the first scenario of very 
good for the first attribute and of very high for the latter attribute receives the same 
preference score (MPV=4.45). But it is surprisingly found that for the last scenario in 




action of rebuilding. One argument made by the respondents is that the action of 
rebuilding is not a desirable option even if a building has poor building services or a low 
degree of suitability for living. Instead, they believed that building services can be 
improved to a satisfactory level through renovating such as the lift upgrading programme. 
The same conclusion can be applied to the attribute of noise separation because normally 
rebuilding is not a good solution of mitigating the impact of noise problem on the 
occupants. 
 
Nevertheless, as far as the attribute of the flexibility of original design is concerned, the 
respondents stated that there is no way to change the flexibility of original building 
design after a building has been completed, but only when the old building is demolished 
can the flexibility of the new building design be improved. Thus, under the scenario of 
‘very low’, a higher preference score is assigned to the action of rebuilding than the 
action of renovating.  
 
As discussed in section 9.2.3, the respondents believed that building height had a trivial 
impact on their decisions for building adaptation. Nevertheless, since the difference in 
building height is closely related to the cost and time spent on building adaptation 
activities (Gann and Barlow, 1996), it is still necessary to consider the preference value 
for the attribute of building height. From Table 10.2, it is noted that building height 
affects decision makers’ preference values for different actions. For instance, a high-rise 
building tends to consume more time and cost when it undergoes renovating and it would 
generate substantial waste if the action of rebuilding is considered. Therefore, decision 




contrary, they are more likely to support renovating or even rebuilding for low-rise 
buildings.  
 
In the Singapore public housing context, building occupants usually do not worry about 
means of fire escape, appearance attractiveness and compliance with current building 
regulations. First of all, each public housing estate in Singapore must satisfy the 
regulations such as fire regulations and safety regulations. In particular, the public 
housing policy makers pay enormous attention to the means of fire escape. This can be 
attributed to a historic event when a large fire took place in Bukit Ho Swee in May 1961 
which accelerated the construction of HDB estates in Singapore. Second, due to the 
regular facade maintenance programme, appearance attractiveness for a building is not a 
big concern. 
Table 10.2: MPV for each action under housing obsolescence 
No.  Factor and attribute Scenario N  Mean preference value (MPV) 
            Housing obsolescence  Retaining   Renovating   Rebuilding 
(1-no preference; 5-strong preference) 
2.1 Building age Very new 49  4.41 1.29 1.08 
 New 49 4.31 1.51 1.20 
 Neutral 49 3.49 2.55 2.04 
 Old 49 2.61 3.82 3.35 
 Very old 49 1.94 4.33 4.29 
2.2 Degree of structural 
and surface defects 
Very low 49 4.33 1.71 1.14 
Low 49 4.08 2.10 1.45 
Neutral 49 3.49 2.88 2.02 
High 49  2.39 3.94 3.49 
Very high 49 1.82 4.24 4.35 
2.3 Existing rental 
income level 
Very high 49 4.41 2.06 1.37 
High 49 4.12 2.29 1.47 
Neutral 49 3.39 2.76 2.02 




Very low 49 2.12 3.61 3.45 
2.4 Building services (e.g. 
lift) 
Very good 49 4.45 1.39 1.22 
Good 49  4.33 1.82 1.39 
Neutral 49 3.71 2.65 2.06 
Bad 49 2.65 3.67 2.96 
Very bad 49 2.14 4.37 3.71 
2.5 Suitability for use  Very high 49 4.45 1.53 1.16 
High 49 4.27 1.86 1.37 
Neutral 49 3.57 2.71 2.16 
Low 49 2.47 3.67 3.18 
Very low 49  2.02 4.14 4.00 
2.6 Flexibility of original 
design 
Very high 49 4.18 2.31 1.37 
High 49 4.00 2.37 1.43 
Neutral 49 3.51 2.78 2.29 
Low 49 3.00 2.88 3.02 
Very low 49 2.65 3.16 3.61 
2.7 Noise separation 
(sound proof) 
Very good 49 4.29 1.45 1.12 
Good 49 4.18 1.69 1.29 
Neutral 49  3.61 2.37 1.98 
Bad 49 2.84 3.45 2.61 
Very bad 49 2.45 4.02 3.37 
2.8 Building height (for 
existing building) 
Very tall 49 4.49 2.10 1.49 
Tall 49 4.20 2.20 1.76 
Medium 49 3.65 2.47 2.35 
Low 49 2.86 2.82 3.10 
Very low 49 2.43 3.00 3.55 
2.9 Means of fire escape Very good 49  4.33 1.43 1.20 
Good 49 4.16 1.69 1.35 
Neutral 49 3.51 2.59 2.14 
Bad 49 2.55 3.84 3.35 
Very bad 49 2.14 4.18 4.00 
2.10 Appearance 
attractiveness 
Very good 49 4.55 1.67 1.31 
Good 49 4.33 1.88 1.43 
Neutral 49 3.80 2.71 1.94 
Bad 49  2.63 3.63 2.65 




2.11 Compliance with 
current building 
regulations  
Very good 49 4.55 1.47 1.27 
Good 49 4.24 1.69 1.39 
Neutral 49 3.57 2.51 2.12 
Bad 49 2.47 3.76 3.33 
Very bad 49 2.02 4.04 4.10 
10.2.1.3 MPV for each action under the factor of expected impacts 
Table 10.3 shows that highly positive expected impacts stemming from building 
adaptation activities usually lead to high preference values for the action of renovating. 
For instance, a ‘very high’ air pollution reduction potential in the long run gives rise to 
4.00 mean preference value for the renovating action. The results can be explained by 
decision makers’ tendency to seize the positive benefits arising from building renewal 
projects. In general, the greater the change in existing buildings, the higher potential that 
the buildings can achieve the aim of reducing air pollution, electricity consumption and 
maintenance cost by introducing energy efficient technologies and building materials.  
 
At the same time, a greater alteration to existing buildings may have considerable 
implications for increasing the market value for these buildings and their neighbours as 
well as extending their useful lives through structure strengthening or exterior upgrading. 
Nevertheless, it was worth noting that under such circumstances, decision makers 
assigned a slightly lower preference value to the action of rebuilding, mainly because 
rebuilding will require more resources and generate substantial building waste compared 






By contrast, highly negative expected impacts arising from building adaptation activities 
often result in high preference values for the action of retaining rather than the action of 
renovating or rebuilding, because decision makers and building occupants are likely to 
object to major adaptation programmes with the intention of avoiding such negative 
impacts as adaptation cost, inconvenience time and disruption caused. The retaining 
action, however, can make existing buildings function as usual and at the same time will 
not cause great losses described above. 
Table 10.3: MPV for each action under expected impacts 
No.  Factor and attribute Scenario N  Mean preference value(MPV) 
 Expected impact 
 
   Retaining  Renovating  Rebuilding 
(1-no preference; 5-strong preference) 
3.1 Air pollution 
reduction potential 
in the long run 
 
Very low 49 4.37 1.63 1.53 
 Low 49  4.16 1.80 1.53 
 Neutral 49 3.43 2.55 2.14 
 High 49 2.67 3.47 2.84 
 Very high 49 2.24 4.00 3.37 
3.2 Electricity saving 
potential in the long 
run after adaptation 
Very low 49 4.24 1.78 1.43 
 Low 49 4.10 1.98 1.59 
 Neutral 49 3.39 2.55 2.10 
 High 49 2.55 3.59 2.86 
 Very high 49  2.39 3.96 3.33 
3.3 Maintenance cost 
saving after 
adaptation 
Very low 49 4.43 1.69 1.37 
 Low 49 4.22 1.90 1.51 
 Neutral 49 3.51 2.55 2.10 
 High 49 2.57 3.47 3.00 
 Very high 49 2.14 4.00 3.55 
3.4 Expected increase in 
market value for the 
flat 
Very low 49 4.29 1.65 1.45 
 Low 49 4.14 1.90 1.59 
 Neutral 49  3.59 2.57 2.12 
 High 49 2.76 3.33 2.94 
 Very high 49 2.33 3.84 3.55 




 life span after 
adaptation 
Low 49 3.96 1.82 1.65 
 Neutral 49 3.59 2.57 2.24 
 High 49 2.90 3.57 3.16 
 Very high 49 2.57 3.96 3.55 
3.6 Enhanced 
externality (market 




Very low 49  3.88 1.80 1.63 
 Low 49 3.76 2.02 1.80 
 Neutral 49 3.37 2.59 2.16 
 High 49 2.88 3.37 2.88 
 Very high 49 2.57 3.82 3.33 
3.7 Adaptation cost 
during adaptation 
Very expensive 49 4.33 1.55 1.45 
 Expensive 49 4.12 1.84 1.63 
 Neutral 49 3.49 2.53 2.12 
 Cheap 49  2.69 3.55 2.96 
 Very cheap 49 2.31 4.06 3.55 
3.8 Inconvenience time 
caused during 
adaptation 
Very long 49 4.22 1.59 1.59 
 Long 49 4.00 1.96 1.78 
 Neutral 49 3.33 2.73 2.27 
 Short 49 2.73 3.57 2.94 
 Very short 49 2.37 4.14 3.41 
3.9 Degree of disruption 
during adaptation 
Very high 49 4.27 1.57 1.51 
 High 49  4.08 1.80 1.78 
 Neutral 49 3.39 2.61 2.37 
 Low 49 2.82 3.47 3.00 
 Very low 49 2.41 4.00 3.47 
10.2.1.4 MPV for each action under urban planning policies 
As discussed in section 9.3.4, the respondents believed that the factor of ‘Urban planning 
policies’ has no impact on the BAP as they cannot control the urban planning policies so 
they tend to pay little attention to these in building adaptation decision-making. At the 
same time, they acknowledge the significant role of urban planning in urban renewal. 
Therefore, it is still necessary to take into account the preference value for each action 




From Table 10.4, it is noted that if the control of urban planning policies are very 
restricted, decision makers tend to retain existing buildings; whereas if these policies 
become very relaxed, they are willing to introduce major renewal projects such as 
retrofitting of building fabric, structure and building services or changes in layout. More 
importantly, they also highly recommend the action of rebuilding in the latter situation.  
Table 10.4: MPV for each action under urban planning policies 
No.  Factor and attribute Scenario N  Mean preference value (MPV) 
      Urban planning policies 
 
 Retaining   Renovating   Rebuilding 
(1-no preference; 5-strong preference) 
4.1 Control of plot  
ratio for future 
development 
Very restricted 49 4.61 1.92 1.35 
 Restricted 49 4.35 2.12 1.55 
 Neutral 49 3.55 2.49 2.24 
 Relaxed 49  2.73 3.12 3.31 
 Very relaxed 49 2.18 3.59 4.08 
4.2 Control of height  
limit for future 
development 
Very restricted 49 4.55 1.78 1.39 
 Restricted 49 4.31 1.96 1.59 
 Neutral 49 3.55 2.35 2.24 
 Relaxed 49 2.73 3.08 3.31 
 Very relaxed 49 2.27 3.53 3.94 
4.3 Transportation 
planning for future 
development 
Very restricted 49 4.41 1.86 1.59 
 Restricted 49 4.16 2.10 1.78 
 Neutral 49 3.63 2.57 2.12 
 Relaxed 49 3.00 3.18 2.84 
 Very relaxed 49 2.59 3.49 3.41 
10.2.1.5 MPV for each action under the factor of building sustainable performance  
As discussed in section 9.3.4, the factor of building sustainability performance is at the 
heart of factors that influence the quantification of the BAP. Having identified its crucial 
importance in the BAP computation, the discussion of how building sustainability 





Table 10.5 shows that the trade-off between the action of retaining and renovating or 
rebuilding is very distinct. Decision makers are more likely to value the action of 
retaining over the action of renovating or rebuilding if the building sustainability 
performance is ‘very good’ or ‘good’, e.g. a very low or low electricity consumption, 
water usage, or air pollution. On the contrary, their preference attitudes will change 
completely and value the renovating or rebuilding option more than the retaining action if 
the building sustainability performance becomes worse. For instance, if the facilities for 
waste management are very bad or the indoor environmental quality is very poor, they 
would like to change this situation by introducing major renewal programmes.  
Table 10.5: MPV for each action under building sustainability 
No.  Factor and attribute Scenario N  Mean preference value (MPV) 
 Building sustainability 
 
   Retaining   Renovating   Rebuilding 






Very low 49 4.45 1.53 1.39 
Low 49 4.29 1.82 1.57 
Neutral 49 3.73 2.45 2.06 
High 49 2.71 3.49 2.88 
Very high 49  2.20 4.14 3.53 
5.2 Water usage before 
adaptation 
Very low 49 4.37 1.59 1.27 
 Low 49 4.16 1.88 1.57 
 Neutral 49 3.63 2.53 2.06 
 High 49 2.69 3.39 2.82 
 Very high 49 2.31 4.00 3.45 
5.3 Air pollution (CO2 
emission) before 
adaptation 
Very low 49 4.22 1.53 1.33 
 Low 49 4.02 1.76 1.53 
 Neutral 49  3.59 2.39 2.00 
 High 49 2.82 3.29 2.86 
 Very high 49 2.47 3.84 3.33 
5.4 Facilities for waste 
management 
Very good 49  4.47 1.41 1.37 




 Average 49 3.67 2.61 2.12 
 Bad 49 2.73 3.55 2.86 
 Very bad 49 2.29 4.22 3.49 
5.5 Indoor environmental 
quality 
Very good 49 4.45 1.37 1.29 
 Good 49 4.20 1.59 1.49 
 Neutral 49 3.69 2.43 1.96 
 Bad 49 2.84 3.47 2.71 
 Very bad 49 2.39 4.06 3.41 
One underlying reason is that a poor building sustainability performance would impose 
substantial financial pressure on the government. For example, the annual report of 
WCTC  reveals that the WCTC spent about 2.34 million Singapore dollars in 2008/2009 
financial year on electricity consumption. In order to reduce this and other utility 
expenditure, the public housing management authority intends to upgrade the lighting 
system of the common areas in public buildings of Singapore.  
10.2.2 Attribute-Action database 
Having analysed the mean preference values for the three renewal actions (i.e. retaining, 
renovating and rebuilding) under given scenarios, these values were normalised to derive 
respondents’ average preference values for these actions under each scenario. These 
normalised preference values for the three actions led to the construction of the Attribute-
Action Database (indicated in Table 10.6). The formation of this database provides the 
basis for predicting the quantitative relationship between building adaptation potential 
(BAP) and building renewal action (BRA).  
 
In order to make the numerical comparison become possible, five scenarios under each 
attribute are translated into five intervals ranging from 0 to 10. For instance, for the 




satisfactory’ corresponds to the interval ranging from 8 to 10; the scenario of 
‘satisfactory’ refers to the interval from 6 to 8; the scenario of ‘acceptable’ corresponds to 
the interval ranging from 4 to 6; the scenario of ‘tolerable’ corresponds to the interval 
ranging from 2 to 4; and the scenario of ‘unacceptable’ corresponds to the interval 
ranging from 0 to 2. Following this definition, the scenarios initially defined by words 
can be easily translated into numerical intervals that are able to reduce the bias in 
interpreting the meaning of each word and make the database become user-friendly. In 
addition, it also offers the foundation for deriving the Attribute-Action matrix discussed 



















Table 10.6: Attribute-Action Database 








1 Occupants’ attitude before building adaptation   
1.1 (r1) Occupants’ satisfaction with building qualities (e.g. internal design) (SBQ) 
1.1.1 Very satisfactory   (8, 10] 0.6343 0.2118 0.1538 
1.1.2 Satisfactory           (6,  8] 0.5539 0.2755 0.1706 
1.1.3 Acceptable         (4,  6] 0.4356 0.3481 0.2163 
1.1.4 Tolerable             (2,  4]  0.3169 0.3984 0.2847 
1.1.5 Unacceptable     (0,  2] 0.1617 0.4096 0.4287 
1.2 (r2) Occupants’ satisfaction with building condition (e.g. structural defects) (SBC) 
1.2.1 Very satisfactory  (8, 10] 0.6311 0.2082 0.1607 
1.2.2 Satisfactory            (6,  8] 0.5655 0.2587 0.1757 
1.2.3 Acceptable        (4,  6] 0.4454 0.3333 0.2213 
1.2.4 Tolerable            (2,  4]  0.3265 0.3933 0.2801 
1.2.5 Unacceptable    (0,  2] 0.1803 0.4123 0.4073 
1.3 (r3) Occupants’ satisfaction with building facilities (SBF)  
1.3.1 Very satisfactory  (8, 10] 0.6268 0.1972 0.1759 
1.3.2 Satisfactory          (6,  8] 0.5600 0.2490 0.1910 
1.3.3 Acceptable        (4,  6] 0.4370 0.3260 0.2370 
1.3.4 Tolerable            (2,  4]  0.3250 0.3830 0.2920 
1.3.5 Unacceptable    (0,  2] 0.2100 0.3950 0.3940 
1.4 (r4) Occupants’ satisfaction with surrounding environment (SSE) 
1.4.1 Very satisfactory  (8, 10] 0.6070 0.2180 0.1750 
1.4.2 Satisfactory            (6,  8] 0.5470 0.2630 0.1900 
1.4.3 Acceptable        (4,  6] 0.4300 0.3400 0.2300 
1.4.4 Tolerable            (2,  4]  0.3170 0.3900 0.2900 
1.4.5 Unacceptable    (0,  2] 0.2130 0.4210 0.3660 
1.5 (r5) Occupants’ satisfaction with building services (SBS)  
 1.5.1 Very satisfactory  (8, 10] 0.6133 0.2100 0.1790 
 1.5.2 Satisfactory            (6,  8] 0.5510 0.2600 0.1900 
 1.5.3 Acceptable        (4,  6] 0.4360 0.3300 0.2300 
 1.5.4 Tolerable            (2,  4]  0.3260 0.3900 0.2850 
 1.5.5 Unacceptable    (0,  2] 0.2100 0.4100 0.3840 
1.6 (r6) Occupants’ financial situation (OFS)  
 1.6.1 Very rich          (8, 10] 0.2474 0.4043 0.3483 
 1.6.2 Rich                 (6,  8] 0.3070 0.3803 0.3127 
 1.6.3 Average           (4,  6] 0.4400 0.3100 0.2540 
 1.6.4 Poor                 (2,  4]  0.5720 0.2230 0.2052 
 1.6.5 Very poor        (0,  2] 0.6100 0.2100 0.1840 
1.7 (r7) Occupants’ awareness and knowledge of adaptation activities (OAK) 
 1.7.1 Very high        (8, 10] 0.2814 0.3850 0.3336 
 1.7.2 High                (6,  8] 0.3192 0.3660 0.3148 
 1.7.3 Neutral            (4,  6] 0.4074 0.3216 0.2710 
 1.7.4 Low                 (2,  4]  0.4767 0.2859 0.2374 
 1.7.5 Very low         (0,  2] 0.5172 0.2594 0.2235 
1.8 (r8) Occupants’ expectation of value enhancement (OEX) 
 1.8.1 Very optimistic  (8, 10] 0.2448 0.3945 0.3607 
 1.8.2 Optimistic        (6,  8] 0.2890 0.3756 0.3356 
 1.8.3 Neutral            (4,  6] 0.3887 0.3267 0.2846 




 1.8.5 Very pessimistic  (0,  2] 0.5504 0.2400 0.2096 
2 Housing Obsolescence before adaptation  
2.1 (r9) Building age (BA) 
 2.1.1 Very old         (8, 10] 0.1867 0.4067 0.4066 
 2.1.2 Old                 (6,  8] 0.2744 0.3897 0.3359 
 2.1.3 Neutral           (4,  6] 0.4412 0.3137 0.2450 
 2.1.4 New               (2,  4]  0.6109 0.2144 0.1747 
 2.1.5 Very new        (0,  2] 0.6355 0.1941 0.1704 
2.2 (r10)  Degree of structural and surface defects (DSD) 
 2.2.1 Very high        (8, 10] 0.1803 0.4024 0.4174 
 2.2.2 High                (6,  8] 0.2512 0.3998 0.3489 
 2.2.3 Neutral            (4,  6] 0.4221 0.3405 0.2375 
 2.2.4 Low                 (2,  4]  0.5357 0.2713 0.1930 
 2.2.5 Very low         (0,  2] 0.5916 0.2371 0.1712 
2.3 (r11) Rental income level for existing flats (RIL) 
 2.3.1 Very high        (8, 10] 0.5739 0.2491 0.1769 
 2.3.2 High                (6,  8] 0.5339 0.2790 0.1871 
 2.3.3 Neutral            (4,  6] 0.4238 0.3340 0.2422 
 2.3.4 Low                 (2,  4]  0.3232 0.3716 0.3052 
 2.3.5 Very low         (0,  2] 0.2495 0.3820 0.3685 
2.4 (r12) Building services (BS) 
 2.4.1 Very good      (8, 10] 0.6230 0.1985 0.1785 
 2.4.2 Good              (6,  8] 0.5785 0.2370 0.1845 
 2.4.3 Neutral         (4,  6] 0.4503 0.3124 0.2373 
 2.4.4 Bad               (2,  4]  0.2926 0.3985 0.3089 
 2.4.5 Very bad      (0,  2] 0.2151 0.4287 0.3562 
2.5 (r13) Suitability for use (SU) 
 2.5.1 Very high        (8, 10] 0.6157 0.2127 0.1716 
 2.5.2 High                (6,  8] 0.5707 0.2433 0.1861 
 2.5.3 Neutral            (4,  6] 0.4342 0.3181 0.2477 
 2.5.4 Low                 (2,  4]  0.2725 0.3905 0.3370 
 2.5.5 Very low         (0,  2] 0.2041 0.4013 0.3945 
2.6 (r14) Flexibility of original design (FOD)   
 2.6.1 Very high        (8, 10] 0.5432 0.2799 0.1768 
 2.6.2 High                (6,  8] 0.5232 0.2941 0.1827 
 2.6.3 Neutral            (4,  6] 0.4178 0.3219 0.2604 
 2.6.4 Low                 (2,  4]  0.3455 0.3212 0.3333 
 2.6.5 Very low         (0,  2] 0.2867 0.3346 0.3787 
2.7 (r15) Building height (BH) 
 2.8.1 Very tall  (8, 10] 0.5724 0.2470 0.1806 
 2.8.2 Tall  (6,  8] 0.5318 0.2591 0.2091 
 2.8.3 Medium  (4,  6] 0.4484 0.2827 0.2689 
 2.8.4 Low (2,  4]  0.3403 0.3136 0.3462 
 2.8.5 Very low  (0,  2] 0.2865 0.3228 0.3906 
2.8 (r16) Noise separation (NS) 
 2.7.1 Very good      (8, 10] 0.6121 0.2126 0.1753 
 2.7.2 Good              (6,  8] 0.5807 0.2346 0.1847 
 2.7.3 Neutral       (4,  6] 0.4660 0.2930 0.2410 
 2.7.4 Bad           (2,  4]  0.3331 0.3844 0.2825 
 2.7.5 Very bad        (0,  2] 0.2625 0.4057 0.3319 
2.9 (r17) Means of fire escape (MFE) 




 2.9.2 Good              (6,  8] 0.5774 0.2323 0.1903 
 2.9.3 Neutral     (4,  6] 0.4373 0.3092 0.2535 
 2.9.4 Bad                (2,  4]  0.2765 0.3904 0.3331 
 2.9.5 Very bad       (0,  2] 0.2186 0.3997 0.3817 
2.10 (r18) Appearance attractiveness (AA)   
 2.10.1 Very good      (8, 10] 0.6149 0.2130 0.1720 
 2.10.2 Good              (6,  8] 0.5767 0.2372 0.1861 
 2.10.3 Neutral        (4,  6] 0.4600 0.3169 0.2232 
 2.10.4 Bad               (2,  4]  0.3049 0.4087 0.2865 
 2.10.5 Very bad    (0,  2] 0.2302 0.4367 0.3331 
2.11 (r19) The ability for existing buildings to comply with current building regulations 
(ACR)   
 2.11.1 Very good      (8, 10] 0.6261 0.1988 0.1750 
 2.11.2 Good              (6,  8] 0.5824 0.2280 0.1896 
 2.11.3 Neutral        (4,  6] 0.4471 0.3014 0.2515 
 2.11.4 Bad              (2,  4]  0.2670 0.3918 0.3412 
 2.11.5 Very bad       (0,  2] 0.2071 0.3909 0.4020 
3.a Positive impacts after building adaptation 
3.1 (r20) Reduction of air pollution in the long run (RAP) 
 3.1.1 Very high        (8, 10] 0.2432 0.4207 0.3361 
 3.1.2 High                (6,  8] 0.3099 0.3856 0.3045 
 3.1.3 Neutral            (4,  6] 0.4325 0.3133 0.2542 
 3.1.4 Low                 (2,  4]  0.5662 0.2335 0.2003 
 3.1.5 Very low         (0,  2] 0.5929 0.2108 0.1963 
3.2 (r21) Electricity saving potential in the long run (ESP)  
 3.2.1 Very high        (8, 10] 0.2648 0.4053 0.3299 
 3.2.2 High                (6,  8] 0.2962 0.3959 0.3079 
 3.2.3 Neutral            (4,  6] 0.4309 0.3167 0.2524 
 3.2.4 Low                 (2,  4]  0.5437 0.2517 0.2047 
 3.2.5 Very low         (0,  2] 0.5802 0.2302 0.1897 
3.3 (r22) Maintenance cost saving potential in the long run (MCS)  
 3.3.1 Very high        (8, 10] 0.2375 0.4088 0.3537 
 3.3.2 High                (6,  8] 0.2987 0.3807 0.3206 
 3.3.3 Neutral            (4,  6] 0.4366 0.3112 0.2522 
 3.3.4 Low                 (2,  4]  0.5589 0.2416 0.1995 
 3.3.5 Very low         (0,  2] 0.5949 0.2177 0.1874 
3.4 (r23) Increased market value for the flat (IMV) 
 3.4.1 Very high        (8, 10] 0.2595 0.3873 0.3532 
 3.4.2 High                (6,  8] 0.3196 0.3666 0.3138 
 3.4.3 Neutral            (4,  6] 0.4428 0.3085 0.2487 
 3.4.4 Low                 (2,  4]  0.5550 0.2409 0.2041 
 3.4.5 Very low         (0,  2] 0.5912 0.2164 0.1924 
3.5 (r24) Extension of physical life (EPL)  
 3.5.1 Very high        (8, 10] 0.2718 0.3896 0.3387 
 3.5.2 High                (6,  8] 0.3123 0.3701 0.3176 
 3.5.3 Neutral            (4,  6] 0.4413 0.2995 0.2591 
 3.5.4 Low                 (2,  4]  0.5405 0.2407 0.2188 
 3.5.5 Very low         (0,  2] 0.5732 0.2176 0.2093 
3.6 (r25) Enhanced externality (EE)  
 3.6.1 Very high        (8, 10] 0.2807 0.3925 0.3268 
 3.6.2 High                (6,  8] 0.3299 0.3688 0.3013 




 3.6.4 Low                 (2,  4]  0.5059 0.2613 0.2328 
 3.6.5 Very low         (0,  2] 0.5407 0.2394 0.2199 
3.b Negative impacts during building adaptation  
3.7 (r26) Adaptation cost (AC) 
 3.7.1 Very expensive  (8, 10] 0.5938 0.2058 0.2005 
 3.7.2 Expensive  (6,  8] 0.5528 0.2351 0.2121 
 3.7.3 Neutral  (4,  6] 0.4406 0.3046 0.2548 
 3.7.4 Cheap (2,  4]  0.3011 0.3853 0.3136 
 3.7.5 Very cheap (0,  2] 0.2427 0.4068 0.3505 
3.8 (r27) Inconvenience time (IT)   
 3.8.1 Very long  (8, 10] 0.5724 0.2134 0.2142 
 3.8.2 Long  (6,  8] 0.5236 0.2516 0.2248 
 3.8.3 Neutral  (4,  6] 0.4059 0.3301 0.2639 
 3.8.4 Short (2,  4]  0.3011 0.3885 0.3104 
 3.8.5 Very short (0,  2] 0.2447 0.4179 0.3374 
3.9 (r28) Degree of disruption (e.g. dust and noise)(DD) 
 3.9.1 Very high        (8, 10] 0.5851 0.2109 0.2041 
 3.9.2 High                (6,  8] 0.5432 0.2293 0.2275 
 3.9.3 Neutral            (4,  6] 0.4203 0.3075 0.2722 
 3.9.4 Low                 (2,  4]  0.3186 0.3701 0.3113 
 3.9.5 Very low         (0,  2] 0.2595 0.4000 0.3406 
4.0 Urban Planning policies   
4.1 (r29) Control of plot ratio for future development (CPR)   
 4.1.1 Very relaxed   (8, 10] 0.2286 0.3579 0.4135 
 4.1.2 Relaxed  (6,  8] 0.3059 0.3378 0.3563 
 4.1.3 Neutral  (4,  6] 0.4432 0.2940 0.2628 
 4.1.4 Restricted   (2,  4]  0.5555 0.2524 0.1920 
 4.1.5 Very restricted  (0,  2] 0.6023 0.2274 0.1703 
4.2 (r30) Control of height limit for future development (CHL)  
 4.2.1 Very relaxed   (8, 10] 0.2408 0.3538 0.4054 
 4.2.2 Relaxed  (6,  8] 0.3079 0.3343 0.3578 
 4.2.3 Neutral  (4,  6] 0.4513 0.2820 0.2667 
 4.2.4 Restricted   (2,  4]  0.5591 0.2404 0.2005 
 4.2.5 Very restricted  (0,  2] 0.6031 0.2181 0.1788 
4.3 (r31) Transportation planning for future development (TP)  
 4.3.1 Very relaxed   (8, 10] 0.2888 0.3574 0.3537 
 4.3.2 Relaxed  (6,  8] 0.3419 0.3488 0.3093 
 4.3.3 Neutral  (4,  6] 0.4500 0.3036 0.2464 
 4.3.4 Restricted   (2,  4]  0.5343 0.2526 0.2130 
 4.3.5 Very restricted  (0,  2] 0.5785 0.2241 0.1974 
5 Building sustainability performance before adaptation 
5.1 (r32) Electricity consumption (EC) 
 5.1.1 Very high        (8, 10] 0.2370 0.4153 0.3477 
 5.1.2 High                (6,  8] 0.3100 0.3817 0.3083 
 5.1.3 Neutral            (4,  6] 0.4637 0.2931 0.2432 
 5.1.4 Low                 (2,  4]  0.5682 0.2310 0.2009 
 5.1.5 Very low         (0,  2] 0.6151 0.2007 0.1841 
5.2 (r33) Water usage (WU) 
 5.2.1 Very high        (8, 10] 0.2510 0.4066 0.3423 
 5.2.2 High                (6,  8] 0.3144 0.3796 0.3061 
 5.2.3 Neutral            (4,  6] 0.4513 0.3039 0.2448 




 5.2.5 Very low         (0,  2] 0.6065 0.2147 0.1789 
5.3 (r34) Air pollution (CO2 emission) (AP) 
 5.3.1 Very high        (8, 10] 0.2732 0.3942 0.3326 
 5.3.2 High                (6,  8] 0.3283 0.3623 0.3095 
 5.3.3 Neutral            (4,  6] 0.4591 0.2935 0.2475 
 5.3.4 Low                 (2,  4]  0.5511 0.2377 0.2112 
 5.3.5 Very low         (0,  2] 0.5926 0.2150 0.1924 
5.4 (r35) Facilities for waste management (FWM)  
 5.4.1 Very good      (8, 10] 0.6189 0.1935 0.1876 
 5.4.2 Good              (6,  8] 0.5715 0.2225 0.2061 
 5.4.3 Neutral        (4,  6] 0.4480 0.3062 0.2458 
 5.4.4 Bad           (2,  4]  0.3101 0.3891 0.3008 
 5.4.5 Very bad        (0,  2] 0.2394 0.4229 0.3376 
5.5 (r36) Indoor environmental quality (IEQ) 
 5.5.1 Very good      (8, 10] 0.6233 0.1939 0.1828 
 5.5.2 Good              (6,  8] 0.5776 0.2182 0.2042 
 5.5.3 Neutral      (4,  6] 0.4671 0.2959 0.2370 
 5.5.4 Bad           (2,  4]  0.3227 0.3838 0.2935 
 5.5.5 Very bad        (0,  2] 0.2538 0.4089 0.3372 
Note: The figures of Column (2), (3) and (4) represent decision makers’ preference values  
         for the actions of retaining, renovating and rebuilding respectively under each  
         scenario (Column (1)). These figures were derived from the normalisation of scores  
         ranging from 1 (no preference) to 5 (strong preference). 
 
10.3 The Relationship between BAP and BRA 
10.3.1 Attribute-Action matrix  
As discussed in Section 6.2, based on each output of the BAP, a set of ratings (ri, i=1, 2 
… and 36) for all attributes can be obtained. An Attribute-Action matrix was introduced 
in this study to determine desirable building adaptation actions, because it is able to 
indicate the ratings used for the computation of the BAP and at the same time it can 
reveal the preference values for individual adaptation alternatives based on the Attribute-
Action database. This matrix was constructed by combining all attributes’ ratings with 
three building renewal actions: retaining, renovating and rebuilding, shown in Figure 














ri: The rating given to the i
th
 attribute (i=1,2, 3…36) 
Aij: The preference value assigned to the i
th
 attribute for the j
th
 action (j=1, 2, and 3) 
 
For a given set of attributes’ ratings, the total preference value assigned by decision 
makers for each action was computed through Equation 10.1 (Equation 5.1 was restated 
in this chapter). The reason that the preference value was adopted to reflect decision 
makers’ perception of the action of retaining, renovating and rebuilding in face of a set of 
attributes’ ratings, is mainly because in the Singapore public housing context, decision 
makers in the HDB and each town council are empowered to determine which level of 
intervention a public building shall receive (Joo and Wong, 2008). For each attribute, 
their preference values for individual actions will therefore greatly influence their final 








APV ……  Equation 10.1 
Where: PVj is the total preference value for the j
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For a given value of the BAP, the desired building renewal action was chosen by 
computing the maximum total preference value (i.e. max [PV1, PV2, PV3]). The overall 
computation procedure was presented in Figure 10.2, which involves four steps:  
(1) In step 1, to check the rating of each attribute (ri, i=1,2,3…36) in the Attribute-Action 
database in order to identify which scenario ri belongs to; in the database, each 
attribute has five scenarios: (0, 2], (2, 4], (4, 6], (6, 8] and (8, 10];  
(2) In step 2, to derive the Attribute-Action matrix described in Figure 10.1; 
(3) In step 3, to compute the total preference value of each action (i.e. PV1, PV2, and 
PV3) by summing up each column (column (1), (2), and (3)) in the matrix; and  
(4) In step 4, to compute the maximum total preference value (i.e. max (PVj)), and the 
action with the maximum was regarded as the desired building renewal action.  
 
This rationale applies to the entire Monte Carlo simulation process. Each simulation 
gives rise to a suitable renewal action. After a series of simulations, the distribution of the 
‘3R’ renewal actions (retaining, renovating and rebuilding) can be approximately 
estimated. As a result, the boundary values of x and y for these renewal actions can be 





















10.3.2 Monte Carlo simulation results  
The choice of building renewal actions (options) involves high levels of uncertainty. 
Many factors, such as building adaptation potential and decision makers’ preference on 
different building renewal actions, need to be taken into account when making the final 
decision. As described in section 9.4, the weighting and rating system defined for the 
BAP assessment show that the assumed value of the BAP ranges from 0 to 219.55: the 
minimum BAP value (BAP=0) indicates that the specific building has no desirability for 
adaptation while the maximum BAP value (BAP=219.55) implies that the specific 
building has the highest desirability for adaptation. In order to optimise the resources 
embedded in the existing building stock, for the minimal BAP which implies that the 
studied building remains similar capacity of new buildings to satisfy the needs of the 
society, the renewal alternative of ‘retaining’ is a beneficial choice, because it requires 
less input and keeps up good sustainability performance. By contrast, for the maximal 
Identifying which 
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BAP which means that the studied building is no longer fit for living, the renewal option 
of ‘rebuilding’ should be considered. Thus, Monte Carlo simulations were carried out to 
derive the distribution of the three building renewal actions and determine their boundary 
values of x and y. 
 
The Monte Carlo simulation in this research was based on a program developed using 
Fortran, because Fortran is a widely used program language in Monte Carlo simulation. 
For example, Bohlinga and Davisa adopted Fortran to develop a program for conducting 
Monte Carlo simulation of oil-field discovery histories (Bohlinga and Davisa, 1993). The 
program developed in this research is presented in APPENDIX B. Based on the 
simulation results with 10,000 samples, this distribution is reported in Figure 10.3. The 
result shows that there is a clear correlation between the degree of building adaptation 
potential and the choice of building renewal action. For a low degree of the BAP 
(BAP∈[0,135]), the action of retaining is desirable. A medium degree of BAP 
(BAP∈[140,170]) leads to the choice of the action of renovating. A high degree of BAP 
(BAP∈[180,219.55]) calls for the action of rebuilding. This finding corresponds to the 
study of Hassanain et al. (2003) who pointed out that a numerical rating (a condition 
index) that reflects the assessment result of a property conditions is an input to the choice 
of property management options such as maintenance, repair or renewal.  
 
Therefore, these findings support the hypothesis that building adaptation potential 
influences the choice of building renewal actions. In particular, a low building adaptation 
potential demands the action of ‘retaining’ with routine maintenance; a medium building 




building adaptation potential requires the action of ‘rebuilding’ with demolition and 
redevelopment. 
 
Figure 10.3: The quantitative relationship between the degree of the BAP and ‘3R’ BRA 
 
Meanwhile, it is noted from Figure 10.3 that there are two “buffer zones” or “indifferent 
zones” within which at least two renewal actions are recommended for a single BAP 
score. For instance, while the BAP belongs to the interval from 135 to 140, both the 
actions of ‘Retaining’ and ‘Renovating’ are acceptable. In the light of a sustainable 
principle “less input, more achievement” (Tang et al., 2000, p.1), retaining outweighs 
renovating because the former demands less input and imposes fewer negative impacts on 
the occupants and the environment. Likewise, if this ranges from 170 to 180, both the 
options of ‘Renovating’ and ‘Rebuilding’ are acceptable though the latter is less desirable 
because it is not environmentally friendly and requires substantial resource inputs. 
Therefore, in general, the boundary values for the three building renewal actions are 140 













From Figure 10.3, it can also be seen that there are some outliers that are inconsistent 
with the results described above. For example, three outliers with respect to renovating 
are observed. These outliers show that while the BAP is less than 135 (e.g. 131, 120 and 
118), its favourable action is renovating. Similarly, it also indicates that while the BAP is 
less than 180 (e.g.172 and 159), it is in favour of the action of rebuilding. 
Notwithstanding the existence of these, the majority of the simulation results (about 9995 
samples) support the above-stated conclusion.  
10.4 The ‘3R’ BRA Model Application  
10.4.1 Description of the case building   
The proposed BRA determination approach was applied to a real pubic residential 
building with 200 units in Singapore. The case building is Block 283 located at Tampines 
Street 22, Singapore. It was used for the case study of this research because it has been 
chosen as the candidate for Repairing and Repainting project launched by the Tampines 
Town Council, and adaptation activities commenced in December 2010. It is an eleven-
storey public building completed in 1985 with 200 units of households. This style of 
building was popular in Singapore around the 1980s. It has witnessed a handful of 
renewal projects, such as rewiring in 2007, and Interim Upgrading Programme plus Lift 





         
Figure 10.4: The profile of the selected building 
10.4.2 Rating of each attribute  
The property manager, who is in charge of this precinct, along with occupants staying in 
Block 283, was requested to rate attributes listed in Table 10.7 (rating from 0 to 10). The 
results revealed that the respondents assigned high ratings for the majority of the 
proposed attributes and only five of these 36 attributes were assigned with ratings less 
than 5, including: control of height limit (mean rating=3.00), facilities for waste 
management (mean rating=3.33), flexibility of original design (mean rating=4.67), 
appearance attractiveness (mean rating=4.67); and noise separation (mean rating=4.67). 
First, Singapore Changi Airport is in the vicinity of this case building, therefore it has a 
relatively restricted height limit. Second, incorporating facilities for waste management 
into residential zones has not gained its popularity in Singapore; meanwhile, residents 




around the 1980s were fully intended for resolving the problem of housing shortage 
facing Singaporeans, the changeability of design and façade attractiveness therefore were 
neglected at that moment.  
Table 10.7: The rating of each attribute based on the case building 
No.  Attribute Rating (ri)  Rank 
1 Occupants’ attitude before building adaptation    
1.1 Occupants’ satisfaction with building quality (SBQ) 6.67  9 
1.2 Occupants’ satisfaction with building condition (e.g. 
structural or surface defects) (SBC) 
5.67  23 
1.3 Occupants’ satisfaction with building facilities (SBF) 7.00  6 
1.4 Occupants’ satisfaction with surrounding environment (SSE) 7.33  4 
1.5 Occupants’ satisfaction with building services (SBS) 8.67  1 
1.6 Occupants’ financial situation (OFS) 6.33  13 
1.7 Occupants’ awareness and knowledge of adaptation 
activities (OAK) 
5.00  30 
1.8 Occupants’ expectation of value enhancement (OEV) 6.67  10 
2 Housing obsolescence before building adaptation    
2.1 Building age (BA) 7.00  7 
2.2 Degree of structural and surface defects (DSD) 6.00  15 
2.3 Rental income level for existing flats (RIL) 5.33  25 
2.4 Building services (BS) 8.33  2 
2.5 Suitability for use (SU) 7.67  3 
2.6 Flexibility of original design (FOD) 4.67  32 
2.7 Building height (BH) 5.33  26 
2.8 Noise separation (NS) 4.67  33 
2.9 Means of fire escape (MFE) 6.00  16 
2.10 Appearance attractiveness (AA) 4.67  34 
2.11 The ability for existing buildings to comply with current 
building regulations (ACR) 
6.00  17 
3a Expected impacts after adaptation    
3.1 Reduction of air pollution in the long run (RAP) 6.00  18 
3.2 Electricity saving potential in the long run (ESP) 6.67  11 
3.3 Maintenance cost saving in the long run (MCS) 6.67  12 
3.4 Increased market value for the flat (IMV) 7.33  5 
3.5 Extension of physical life (EPL) 7.00  8 
3.6 Enhanced externality (EE) 5.67  24 
3b Expected impacts during adaptation    
3.7 Adaptation cost (AC) 6.00  19 
3.8 Inconvenience time (IT) 6.33  14 
3.9 Degree of disruption (e.g. dust and noise) (DD) 5.33  27 
4 Urban planning policies    




4.2 Control of height limit for future development (CHL) 3.00  36 
4.3 Transportation planning for future development (TP) 6.00  20 
5 Building sustainability performance    
5.1 Electricity consumption (EC) 6.00  21 
5.2 Water usage (WU) 5.33  28 
5.3 Air pollution (AP) 5.33  29 
5.4 Facilities for waste management (FWM) 3.33  35 
5.5 Indoor environmental quality (IEQ) 6.00  22 
 
In contrast, top in the overall rating is attribute 1.5 of ‘Occupants’ satisfaction with 
building services’ (mean rating=8.67). Attributes of “Building services” (mean 
rating=8.33), “Suitability for use (mean rating=7.67), “Increased market value for the flat 
after adaptation (IMV)” (mean rating=7.33), and “Extension of physical life after 
adaptation (EPL)” (mean rating=7.00) are ranked after attribute 1.5. The first two 
attributes are related to building services and the high ratings may be in part attributed to 
the completion of lift upgrading programme in 2009. 
10.4.3 The choice of the BRA  
The rating values of the attributes described in Table 10.7 were incorporated into the 
conceptual Attribute-Action matrix that was proposed in Section 10.3.1. These ratings 
were then compared to their counterparts in the Attribute-Action Database, and the 
corresponding scenario to which each attribute belongs can be identified.  
 
As a result, for each attribute (ri, i=1, 2, 3…36), decision makers’ preference value for 
each action Aij (i=1, 2, 3… 36; j=1, 2 and 3) (i.e. retaining, renovating or rebuilding) can 
be determined. As for this case building, for instance, the value of r1 is 6.67, belonging to 
the scenario of ‘satisfactory’ (r1∈(6, 8]). Therefore, decision makers’ corresponding 




and 0.1706 respectively. In other words, decision makers prefer the action of ‘retaining’ 
than ‘renovating’ or ‘rebuilding’ under the scenario of ‘satisfactory’ (r1∈(6, 8]), probably 
because decision makers are likely to retain existing buildings when occupants have a 
high level of satisfaction with building quality. For ri (i=2, 3…36), the same procedure is 
strictly followed. Thus, the Attribute-Action Matrix for the case building can be 
constructed, shown in Figure 10.5.  
 
Thereafter, the above-stated matrix was used for computing the total preference values of 
the actions of retaining, renovating and rebuilding, respectively. Based on Equation 10.1, 
the total preference value for the action of retaining therefore is 157.85 (PV1=157.85); the 
total preference value for the action of renovating is 111.61 (PV2=11.161); and the total 
preference value for the action of rebuilding is 90.58 (PV3=9.058). Subsequently, the 
desired building renewal action will be chosen by computing the maximum total 
preference value (i.e. max [PV1, PV2, PV3]), which is 157.85, indicating that the action of 
retaining is the most desired adaption action for the case building. Moreover, based on 
the BAP assessment approach, the BAP score of the case building is 133.40, which is less 
than 135. According to the discussion in Section 10.3.2, if a BAP value for a building is 
less than 140, the action of retaining is a favourable choice for this building. Therefore, 
the most suitable renewal action for Block 283 at Tampines Street 22 is retaining. This 
result also offers evidence in support of property management’s nomination of the 
building to undergo regular maintenance such as facades being repaired and repainted, 
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Noted: the higher Aij (i=1,2…36; j=1,2 and 3)indicates the higher level of preference.  




Uncertainty analysis was then implemented to understand whether the choice of a 
desirable renewal action in the case study is sensitive to the change in the preference 
value (Aij). From Table 10.8, it shows that the action ‘retaining’ achieves the maximum 
total preference value regardless of the change in the preference value. For instance, if 
Ai2 (i=1, 2, 3…36) increases by 10 per cent, the total preference value for the action 
‘renovating’ (PV2) is 122.77; it is less than 157.85 (PV1) while Ai1 ((i=1, 2, 3… 36) keeps 
constant. Similarly, if Ai1 (i=1, 2, 3… 36) decreases by 10 per cent, the total preference 
value for the action ‘retaining’ (PV1) is 142.06; it is still greater than PV2 (111.61) and 
PV3 (90.57) while the preference values for the latter two actions remain unchanged. The 
sensitivity analysis result suggests that ‘retaining’ remains as the most desirable renewal 
strategy even if the preference value (Aij) changes.         
Table 10.8: Sensitivity analysis results for the case study 
Change in preference 
Value Aij (percentage ) 
PV1 PV2 PV3 
-10% 142.062 100.448 81.518 
-8% 145.219 102.680 83.329 
-6% 148.376 104.913 85.141 
-4% 151.533 107.145 86.952 
-2% 154.690 109.377 88.764 
0% 157.847 111.609 90.575 
2% 161.004 113.841 92.387 
4% 164.161 116.073 94.198 
6% 167.318 118.306 96.010 
8% 170.475 120.538 97.821 
10% 173.632 122.770 99.633 
Note: Aij is the preference value for the j
th
 action under 





10.5 ‘3R’ BRA Model Validation  
The same group of professionals involved in the validation of the HOUSE model were 
invited to validate the ‘3R’ BRA model because the BAP values generated by the 
HOUSE model influence the choice of appropriate renewal actions contained in the ‘3R’ 
BRA model. The professionals’ particulars are provided in Table 9.14 and the building 
candidates for the purpose of the‘3R’ BRA model validation are indicated in Table 9.15.  
10.5.1 The renewal action chosen by the professionals’ own judgement  
Based on the professionals’ own measurement, they recommended the SERS action to 
both Block 171 and Block 172, because they have reached the maximum adaptation 
potentials, indicating that they had the greatest urgency to be redeveloped, largely the 
result of many defects appearing in the interior and exterior of residential units. As for 
Block 174, the professionals believed that it is a good candidate for the MUP option to 
level up its building standard, while Block 521 should go through the LUP. For the rest of 
the buildings, they suggested that the best renewal alternative for them is routine 
maintenance because the age of these buildings and precincts in which they are located is 
relatively new and their conditions remain in good state; only facades need minor 
improvement such as replacement of floor tiles. The overall choices based on the 








Table 10.9: The renewal actions chosen by the professionals’ measurement 










1 Block 171 at Boon Lay 
Drive 
37 10.0 SERS Many defects appear in the interior and exterior of the 
building and it is a very ageing building. 
2 Block 172 at Boon Lay 
Drive 
37 10.0 SERS Ditto  
3 Block 174 at Boon Lay 
Drive 
35 6.0 MUP Block 174 has experienced some upgrading programmes in 
the past decade but its overall conditions should be 
improved through the MUP. 
4 Block 521 at Jurong 
West Street 52 
30 5.0 LUP The lift services in Block 521 are very poor and property 
managers received a lot of complaints with respect to its 
lift services from the residents. 
5 Block 639 at Jurong 
West Street 61 
14 1.7 R&R Compared to other candidates, Block 639 is a quite new 
building and building conditions are satisfactory. 
6 Block 640 at Jurong 
West Street 61 
14 3.0 R&R Block 640 and Block 639 are similar in terms of their 
location, building age and design. Therefore, the same 
renewal action is recommended to Block 640. 
7 Block 642 at Jurong 
West Street 61 
12 3.0 R&R Ditto 
8 Block 647 at Jurong 
West Street 61 
14 0.5 R&R Ditto 
9 Block 990A at Jurong 
West Street 93 
8 0.3 R&R Block 990A is a brand new building. Thus, only the repair 




10.5.2 The renewal action recommended by the ‘3R’ BRA model  
Based on the BAP values generated by the HOUSE model, the ‘3R’BRA model aided the 
professionals to decide a set of renewal actions for the selected buildings, provided in 
Table 10.10. As discussed in Section 10.3.2, the boundary values for the three building 
renewal actions (i.e. retaining, renovating and rebuilding) are 140 and 180 respectively.  
First, it was noted that since the BAP value of Block 171 (BAP=194.76) is greater than 
the upper boundary value of 180 (y=180), the ‘3R’BRA model suggests the “rebuilding” 
action for Block 171. Second, the one of Block 172 is 174.12 (BAP=174.12), which is 
slightly less than the upper boundary value of 180 but higher than the lower boundary 
value of 140 (x=140). Therefore, the action of “Renovation with major changes” 
recommended by the ‘3R’BRA model would be the optimal renewal choice for Block 
172. However, it is worth noting that its BAP value locates in the buffer zone of 170 to 
180; thus, the action of “Rebuilding” would be a sub-optimal choice for Block 172.  
 
Third, as recommended by the model, both Block 174 and Block 521 should go through 
the treatment of “Renovation with major changes”, though relatively major changes 
should be made to Block 174 because its BAP value is slightly higher than that of Block 
521. The improvements should be implemented in areas such as fixing building defects 
(the mean score=7.67), enhancing noise separation (the mean score=5.00), means of fire 
escape (the mean score=5.33) and appearance attractiveness (the mean score=4.00). 
Fourth, the remaining buildings are suggested by the model to experience the action of 
“Retaining with minor change”, for all of their BAP values are far less than the lower 




than half of the lower boundary value, far away from being treated with the action of 
“Renovation with major changes”.  
Table 10.10: The renewal actions recommended by the ‘3R’ BRA model 
S/N Case BAP Renewal action recommended by 
the ‘3R’ BRA model 
1 Block 171 at Boon Lay Drive 194.76 Rebuilding  
2 Block 172 at Boon Lay Drive 174.12 Optimal option: Renovation with 
major changes 
Sub-optimal option: Rebuilding 
3 Block 174 at Boon Lay Drive 169.91 Renovation with major changes 
4 Block 521 at Jurong West Street 52 140.91 Renovation with major changes 
5 Block 639 at Jurong West Street 61 60.59 Retaining with minor change 
6 Block 640 at Jurong West Street 61 66.72 Retaining with minor change 
7 Block 642 at Jurong West Street 61 78.36 Retaining with minor change 
8 Block 647 at Jurong West Street 61 67.62 Retaining with minor change 
9 Block 990 at Jurong West Street 93 59.03 Retaining with minor change 
10.5.3 The comparison of renewal actions suggested by the two sources  
The comparison of renewal actions recommended by the professionals’ measurement and 
the ‘3R’ BRA model is indicated in Table 10.11. It can be found that the ‘3R’ BRA 
model and the professionals’ own judgement reached almost the same conclusions for 
most of the selected buildings. For instance, according to the two approaches, the renewal 
actions for Blocks 639, 640, 642, 647 and 990A are the same. However, a deviation was 
observed for Block 172. On the one hand, professionals believed that Block 172 is a good 
candidate for the SERS. The ‘3R’ BRA model on the other hand suggested two options 
for Block 172; the optimal one is renovation with major changes while the sub-optimal 
choice is rebuilding. The deviation can be explained by a close examination of occupants’ 
attitude before adaptation. It was observed (refer to Table 9.17 in Section 9.5.2 for details) 




conditions, services and facilities compared to those staying in Block 171, decreasing the 
urgent need of immediately implementing a rebuilding response. 
Table 10.11: The comparison of renewal actions by two approaches 
S/N Case Renewal actions 
based on the 
professionals’ 
measurement 
Renewal actions suggested  
by the ‘3R’ BRA model 
Remarks 
1 Block 171 at  
Boon Lay Drive 
SERS Rebuilding  Consistent 
2 Block 172 at  
Boon Lay Drive 
 
SERS 
Optimal option: Renovation 
with major changes; 
Sub-optimal option: Rebuilding 
Partially 
consistent 
3 Block 174 at  
Boon Lay Drive 
MUP Renovation with major changes Consistent 






Renovation with major changes 
Consistent 






Retaining with minor change 
Consistent 






Retaining with minor change 
Consistent 






Retaining with minor change 
Consistent 






Retaining with minor change 
Consistent 






Retaining with minor change 
Consistent 
 
The above discussion revealed that the ‘3R’ BRA model is capable of advising the 





10.6 Professionals’ Comments on ‘3R’ BRA Model  
Professionals working in the HDB or town councils were invited to comment on the 
developed ‘3R’ BRA model. The summary of their comments is given in Table 10.12. 
Furthermore, they would like to use the ‘3R’ BRA model to determine proper building 
intervention strategies they can adopt in practice, because currently they decide the 
upgrading items for selected buildings on the basis of heuristic knowledge or ‘rules of 
thumb’ together with feedback from building occupants through surveys, door-to-door 
visits, informal discussions and dialogues (HDB, 2007b; 2008; Low, 1996). More 
importantly, the ‘3R’ BRA model is able to help them maintain buildings in a proper 
manner and at the same time avoid the debate over which measures shall be taken to deter 
deterioration for these buildings. In addition, they would like to use the proposed model 
to assist them in developing a pragmatic financial budget for building renewal projects.   
Table 10.12: Professionals’ comments on the ‘3R’ BRA model 
S/N Organisation Designation General comments 
1. HDB Architect  It is a sound model; 
 It has good clarity in terms of model. 
2. HDB Property 
manager 
It is a useful tool to determine the level of 
intervention that a studied building should receive. 




The simulation shows some direct correlation 
between the BRA model and the existing building 
adaptation approaches for public housing in 
Singapore. 




It is a quantifiable model that can help building 
developers and government agencies predict 
upgrading actions for given buildings. In addition, 
it is able to help them scientifically plan financial 
and resources for building upgrading projects.  




It helps saving costs by making decisions on what 
type should the particular building go through in 




10.7 Sensitivity Analyses for ‘3R’ BRA Model 
The sensitivity analyses were performed by varying the simulation sample. By 
conducting simulations with 1,000 samples, the distribution of these actions is depicted in 
Figure 10.6. The boundary values have been changed into 138 (x=138) and 177 (y=177) 
respectively. Some 1.43 per cent change in x and 1.67 per cent change in y were 
observed.  
 
Similarly, the new distribution based on the simulation with 500 samples is depicted in 
Figure 10.7. The result indicates that the boundary values of x and y are altered into 137 
and 176 respectively. Compared to those of 10,000 samples, about 2.14 per cent change 
in x and 2.22 per cent change in y were observed. Thus, the above sensitivity analyses 
imply that the boundary values of x and y are not sensitive to the change in the sample 
size of the simulation. In other words, the simulation approach adopted in this research is 
stable and reliable.   
 









Figure 10.7: The distribution of 3R’ BRA with 500 samples 
10.8 Summary  
This chapter presents the survey results for renewal actions’ mean preference values. 
These lead to the construction of the Attribute-Action Database. It provides a basis for 
establishing the Attribute-Action matrix and for revealing the relationship between the 
degree of building adaptation potential and the choice of building renewal action. By 
following the database and the matrix, a Monte Carlo simulation with 10,000 samples is 
carried out to compute the boundary values for the three renewal actions: retaining, 
renovating and rebuilding. The results showed that the boundary values of these actions 
are 140 and 180 respectively. Therefore, if a building’s BAP value is within the interval 
of 0 to 135, the action of retaining will be suggested by the ‘3R’ BRA model to the 
building; if its BAP value belongs to the interval of 140 to 170, the action of renovating is 
desirable; if its BAP value locates within the interval of 180 to 219.55, the action of 









The proposed ‘3R’ BRA model is then applied to a real public residential building with 
200 units in Singapore. The result indicated that the action of retaining with the 
maximum total preference value is a favourable choice for the case building. It implied 
that the model is effective in recommending an appropriate renewal action for a specific 
building when its BAP value is known. Five professionals were invited to validate 
the‘3R’ BRA model by testing its capabilities and robustness of suggesting suitably 
strategic renewal actions for public housing. This research extends the understanding of 
how an appropriate renewal action can be chosen for a building to head off building 













CHAPTER 11: CONCLUSIONS AND 
RECOMMENDATIONS  
11.1 Introduction  
This chapter summarises the key findings of this research, including the main driving 
forces of building adaptation, the key influencing factors of building adaptation potential, 
the rationale for the determination of building adaptation potential and the choice of 
building renewal actions. The practical and theoretical significance of this research is also 
discussed. The limitations are acknowledged, which offers implications for future 
research. Recommendations about how to proceed from this research are provided.  
11.2 Conclusions  
This research explored the main driving forces of adapting buildings. The findings 
indicate that building deterioration, housing obsolescence and sustainable requirements 
could drive building renewal programmes in Singapore. Specifically, building 
deterioration and housing obsolescence are the prime driving forces, while sustainable 
requirements accelerate building renewal activities. Douglas (2006) agreed that building 
adaptation is carried out probably because it effectively arrests deterioration and it is a 
viable way to improve the sustainability for existing buildings. Similarly, Doran et al. 
(2009) stated that building degradation, together with other reasons, jointly calls for 
refurbishment and repair. Other reasons were also identified through the empirical study. 




from previous building adaptation projects, urban planning policy, economic situation, 
social considerations and political considerations. 
 
Second, this research examined the decision making for determination of building 
adaptation potential by constructing the ‘HOUSE’ model. This new technique for 
assessing building adaption potential for public residential buildings in Singapore reveals 
that building adaptation potential is determined by building occupants’ attitude, housing 
obsolescence, prospective impacts related to building adaptation and building 
sustainability performance. Top in the key factors that have positive impacts on the 
determination of the Building Adaptation Potential (BAP) is ‘Building sustainability 
performance’ (importance weight=0.5786). This finding appears to confirm the 
arguments of Douglas (2006) and Watson (2009) that great attention should be paid to 
building sustainability performance while selecting buildings for adaptation, with the 
intent of allowing existing buildings to meet sustainable requirements.  
 
The following important factor that has a positive impact on the determination of the 
BAP is ‘Occupants’ attitude’ (importance weight=0.1526). The result verifies HDB’s 
current policy that a renewal programme can only be implemented when the majority of 
the eligible households vote for it (Low, 1996). This result also supports the study of Yu 
(2004) who stated that adaptation of public housing estates will influence occupants in 
many perspectives and they therefore must play an active role in building adaptation 
decision making process. Likewise, Lansley et al. (2005) observed that the degree of 
building adaptability is influenced by occupants’ profiles as they usually need to pay for 




The third important factor that has a positive impact on the determination of the BAP is 
‘Expected impacts’ (importance weight=0.0405). The findings can be partially attributed 
to the fact that the support rate for a renewal project will increase if it has higher 
economic, environmental and social benefits. Under such circumstances, the adaptation 
potential for the given building would be enhanced. This finding can also be explained by 
a study of Langston et al. (2008), which noted that the extent of building adaption 
potential will largely be determined by expected benefits arising from building 
adaptation, such as maximising wealth as well as utility and minimising resources as well 
as adverse impacts.   
 
It was also noted that ‘Urban planning policies’ has no impact on the determination of the 
BAP. In the local public housing context, urban planning policies are beyond the control 
of decision makers in the public housing sector. When urban planning policies have been 
executed, public housing adaptation decision makers are not able to alter these policies. 
Thus, decision makers tend to pay less attention to the impact of urban planning policies 
on the BAP.  
 
The only factor that has a negative impact on the determination of the BAP is ‘Housing 
obsolescence’. This finding can be explained by the study of Nutt et al. (1976) who noted 
that housing obsolescence refers to “the degree of uselessness of a building relative to the 
conditions prevailing in the population of similar building stock as a whole”, and the 
degree of housing obsolescence is dynamic. The degree of uselessness will increase when 
the services provided by the building decrease (Douglas, 2006; Nutt et al., 1976). Hence, 




Langston et al. (2008) who assessed physical, economic, functional, technological, social 
and legal obsolescence and argued that these kinds of obsolescence are important in 
calculating building adaptation potential and that the degree of housing obsolescence has 
a profound effect on the outcome of building adaptation potential.  
 
The third objective of the research was to investigate the decision making for 
determination of building renewal action by presenting the ‘3R’ BRA model (i.e. 
retaining, renovating and rebuilding). The result shows that an action with the maximum 
total preference value might be the desired renewal action for a building. Meanwhile, it 
implies that the scales of building adaptation potential influence the choice of building 
renewal action, theoretically confirming that there is a quantitative relationship between 
the degree of building adaptation potential and building renewal action. This finding is 
consistent with that of Wilkinson et al. (2009) who asserted that building adaptation 
potential is the basis for the choice of a proper renewal strategy.  
 
Moreover, it can be noted that the boundary values for the actions of retaining, renovating 
and rebuilding are estimated to be 140 and 180 respectively. Namely, if the BAP value is 
from 0 to 140, the action of retaining is a favourable choice; if the BAP value is ranging 
from 140 to 180, renovating is a desirable action; if the BAP value is from 180 to 219.55, 




11.3 Research Significance 
11.3.1 Contribution to knowledge 
This research makes a contribution by performing an empirical test of the hypotheses 
with respect to the prime driving forces and facilitators of building adaptation. It develops 
and tests a framework used for the determination of building adaptation potential by 
quantifying the impacts of relevant factors, including occupants’ utility, occupant’s risk 
attitudes, the degree of housing obsolescence, prospective impacts associated with 
adaptation activities, as well as building sustainability performance before adaptation and 
urban planning policies, on building adaptation potential.  
 
Another contribution is that it applied and tested the theory of housing obsolescence 
(Nutt et al., 1976) (see Section 3.4.2.1). It empirically examined the relationship between 
the degree of obsolescence in housing and the outcome of building adaptability, and 
proposed a set of indices to gauge the degree of housing obsolescence, including building 
age, structural defects, rental income level, building services, suitability for use, 
flexibility of original design, noise separation, building height, means of fire escape, 
appearance attractiveness and the ability of compliance with current building regulations. 
The result indicates that housing obsolescence imposes a significantly direct impact on 
building adaptation potential. Furthermore, it establishes empirical evidence to support 
the claim that housing obsolescence is the main cause of building adaptation. These 
findings open a room for further research in property management to consider the 




The next contribution is that it applied the utility theory first proposed by Bentham in 
1789 and further examined by Stigler (1968) and Kahneman et al. (1997). The research 
reveals that if building occupants are unsatisfied with their current building conditions, 
building adaptation activities would usually increase their utility. In particular, the degree 
of occupants’ satisfaction with the resources offered by the buildings exerts a negative 
impact on the determination of building adaptation potential. In other words, the more 
occupants are satisfied with their building conditions, the building adaptation potential 
would be lower conditional on others things being equal.  
 
Lastly, this research applied and examined Kahneman and Tversky’s  (1979; 1992) 
prospect theory (see Section 3.4.2.2). It provides empirical evidence to support the 
proposition that gains and losses in wealth would have a greater influence on decision 
makers’ choices. For example, the research finds that the attribute of ‘maintenance cost 
saving potential in the long run’ (under the criterion of ‘positive impacts after adaptation’) 
ranks in the top of attributes that have positive impacts on the determination of the BAP. 
Similarly, the attribute of ‘adaptation cost’ has a predominantly negative impact on the 
determination of the BAP under the criterion of ‘negative impacts during adaptation’, 
compared to attributes of ‘inconvenience time’ and ‘degree of disruption’. In addition, 
this study examined the prospect theory from two aspects: positive and negative impacts. 
A series of attributes were developed to quantify these two types of prospective impacts 
and both of them were found to be instrumental in the determination of building 




11.3.2 Contribution to practice  
The research provides several practical contributions for property management and 
building rehabilitation. Identifying these key factors and their corresponding assessment 
attributes in BAP determination would guide decision makers to pay attention to those 
factors that have a particularly significant impact on the BAP. Policy decision makers can 
utilise the HIOUSE model to establish an inventory representing the adaptation potentials 
for existing public buildings under management. For a given financial budget, the next 
stage for them is to prepare a shortlist of the most appropriate buildings with greatest 
adaptation potentials.   
 
Second, it articulately quantifies the relationship between building adaptation potential 
and building renewal action through defining the boundaries of three building renewal 
actions based on the range of building adaptation potential. The revelation of the 
boundary values for these renewal actions has significant implications for decision 
makers. The reason is that when they obtain the BAP values for given buildings, they are 
able to decide suitable renewal actions for these buildings. 
 
Third, the main outcome of this research is a decision-support tool that comprises 
HOUSE model and ‘3R’ BRA model. They aid decision makers to consider issues one at 
a time and thus reduce their thought processes. In addition, they would enable them to 
differentiate and choose appropriate building renewal actions. More importantly, they can 
make such decisions in a more consistent and defensible way so as to mitigate debates 




11.4 Limitations of Research  
This research has some limitations. One limitation is that other factors such as economic 
and sociological have not been considered so as to narrow the focus of the study. 
Sociological factors such as ageing population, community ties and the changes of 
demographics may influence the adaptation potential for buildings. For instance, Chan 
(2000) noted that as one of the fastest ageing populations in Asia, Singapore encounters 
the challenge of adjusting public policies to accommodate the needs of the elderly, 
including the housing policies. Additionally, economic factors, such as market 
conditions, economic recess, affordability and financial budget, may also affect the 
determination of the BAP. For example, the lower the cost of building materials, decision 
makers are more likely to execute adaptation activities for buildings, which exogenously 
increases the adaptation potential for buildings. When determining the adaptation 
potential for a specific building, the exclusion of these factors however would allow 
decision makers in the Singapore public housing sector to focus on those factors that they 
are familiar with. As a result, it is easy for them to adopt the research findings in their 
building adaptation decision-making.  
 
Another limitation is that political impacts on the decision making of building renewal 
action are not discussed in this study because of its sensitivity in the local context. In 
order to minimise the political impacts, property managers from town councils operated 
by the ruling party as well as by the opposition parties were invited to participate in the 
survey stage in this research. The third limitation is that the research covering all types of 




buildings, takes inadequate account of the features with respect to building height. 
However, this may become an advantage. The reason is that according to the research 
finding, building height has no impact on building adaptation potential as decision 
makers pay equal attention to occupants regardless of the floors they stay in.  
 
Furthermore, building occupants were not interviewed at the first and second phase of 
field study, as they do not have the knowledge to answer the questions in the 
questionnaire and at this moment they were not actively involved in the building 
adaptation decision making process. Besides, in many cases, the public housing agencies 
in Singapore (both the HDB and the respective Town Councils) will pay entire adaptation 
costs (Ting, 2002). Nevertheless, their attitudes toward building adaptation should be 
seriously taken into account because adaptation activities will pose a direct impact on 
residents in many ways: financial commitment; attendant problems; and inconvenience 
caused (Yu, 2004). Therefore, in order to diminish this shortfall, a number of face-to-face 
interviews with public housing occupants were conducted in the validation of the 
HOUSE model and the ‘3R’ BRA model.   
 
The last limitation is explained that follows. It is noted that the decision making process 
in public housing management is complex. It is characterized by heterogeneous and 
conflicting stakeholder interests, multiple objectives, long implementation, and uncertain 
outcomes. When dealing with highly complex matters, a structure is needed. The HOUSE 
model is a decision aid that helps decision makers to overcome their limited cognitive 
capacity by providing consistent and structured framework to calculate adaptation 




criteria and attributes to be considered in this process and some of them involve 
subjective judgment. Although the HOUSE model gives rise to consistent and timely 
decisions, it involves a decomposed procedure, whereby overall judgment is decomposed 
into component dimensions. After decomposition, a mechanical combination of attributes 
is conducted. The decomposition and combination procedures in the MAVT approach 
however may give rise to potential noises to the model.   
11.5 Recommendations for Future Research  
This research provides a grounded basis for the research on building adaptation. First, 
economic influence and social impact deserve further investigation. Further research is 
expected to present a quantitative method that is able to quantify these additional factors’ 
impact on the determination of building adaptation potential. Besides, further research is 
needed to rule out political influences over the determination of building renewal action 
by comparing renewal projects carried out in the ruling party’s (PAP) constituencies with 
those implemented in opposition parties’ constituencies in Singapore.  
 
Moreover, building occupants’ perceptions of the important factors and the preference 
value of different renewal strategies deserve further investigation, because their interests 
will be influenced by building adaptation in many ways. For those who are in charge of 
making this decision, one particular issue is to take into account occupants’ opinions 






Furthermore, the emphasis of this research is put on public residential buildings in 
Singapore, which represents a unique type of buildings. Future research is expected to 
study the adaptation potential for other types of buildings, such as institutional buildings, 
commercial buildings, and industrial buildings. A single multiple regression model can 
be adopted to compute the adaption potential for other types of buildings.  
 
Last, future research can also be carried out by applying the HOUSE model and 3R BRA 
model to other countries, such as Hong Kong with its similar context to Singapore having 
a substantial public housing stock. They can also be applied to the China’s public housing 
sector because it is the fastest-growing market for public housing development. It is 
important to note that the metaphorical term ‘3R’ is used to rephrase the BRA model for 
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APPENDIX A: INTERVIEW SURVEY STRUCTURED QUESTIONNAIRE 
National University of Singapore, Department of Building 
Dear Sir/ Madam 
 
We are conducting a study on the determination of Building Adaptation Potential (BAP) and 
Building Renewal Action in the context of existing public residential housing in Singapore. In 
this regard, your help is valuable by providing us with information on the importance weights of 
different attributes and the preference values for three building renewal actions (Retaining, 
Renovating and Rebuilding).  
Your anonymity is strictly guaranteed and all information we obtain will be used solely for the 
purpose of research. I would be very grateful if you can grant me an interview at a place and time 
that is convenient to you. The interview is likely to last for two hours. Thank you in advance for 








Email: guangminglin@nus.edu.sg      
         












Definition: Building adaptation refers to any intervention to adjust, reuse or upgrade a 
building to suit new conditions or requirements.  
Section A: Background Information  
1. Name of your organisation  
□ HDB              □ Town Council      □ Others                     (please specify) 
2. Your designation 
□ Policy maker       □ Property Manager     □ Others                     (please specify) 
3. Your experience in building renewal projects 
(1) Years you work in this area:          ; 
(2) Number of renewal projects you have been involved in:          ; 
(3) Type of renewal programmes you have been involved in (multiple choice) 
□ MUP  □ LUP  □ IUP  □  IUP Plus   □ HIP  □ NRP  □ SERS  □ Others        (please specify)  
Section B: The factors considered when deciding for building adaptation  
1. Do you think the factor of ‘housing obsolescence’ is the main driving force for 
building adaptation?  
(Housing obsolescence means that buildings may not have actually worn out but may have 
become out of date because technology has advanced and demand for living standards has 
changed) 
□ Yes           □No  
If ‘yes’, please rate how important the factor of ‘housing obsolescence’ is when deciding to 
upgrade buildings. (1=very unimportant; 5=very important) 
Housing obsolescence (building conditions gradually become obsolete 
because of technology development or constant demand for higher 
living standards) 
1 2 3 4 5 
2. Do you think the factor of ‘building degradation’ is another main driving force 
for building adaptation?   





□ Yes           □No  
If ‘yes’, please rate how important the factor of ‘building degradation’ is when deciding to 
upgrade buildings. (1=very unimportant; 5=very important) 
The degree of building degradation 1 2 3 4 5 
3. Do you think the factor of ‘requirements of sustainable development’ is the 
facilitator for building adaptation? 
□ Yes           □No  
If ‘yes’, please rate how important the factor of ‘requirement of sustainable development’ is 
when deciding to upgrade buildings. (1=very unimportant; 5=very important) 
Requirement of sustainable development  
(i.e. energy efficiency, water conservation as well as environment 
protection) 
1 2 3 4 5 
 
4. Please indicate any other factors that need to be considered when deciding for 
building adaptation, and rate how important these factors are. (1=very unimportant; 
5=very important) 
Other factors (please specify ) and indicate their importance  
                                              1 2 3 4 5 
                                              1 2 3 4 5 
                                              1 2 3 4 5 
Section C: Building Adaptation Potential (BAP) 
(Definition: Building adaptation potential is defined as an indicator that shows the extent to which 
a building ought to be renewed.)   
What is the impact of each attribute on the computation of Building Adaptation 
Potential (BAP)? (-3: strongly negative impact; 3=strongly positive impact) 
1 Occupant’s attitude before building adaptation        
1.1 Satisfaction with building quality (e.g. interior design, function and 
etc.) 
-3 -2 -1 0 1 2 3 
1.2 Satisfaction with building condition (structural or surface defects ) -3 -2 -1 0 1 2 3 
1.3 Satisfaction with building facilities (e.g. playground)  -3 -2 -1 0 1 2 3 
1.4 Satisfaction with surrounding environment  -3 -2 -1 0 1 2 3 




1.6 Occupant’s financial situation  -3 -2 -1 0 1 2 3 
1.7 Occupant’s awareness and knowledge of adaptation activities  -3 -2 -1 0 1 2 3 
1.8 Occupant’s expectation of  value enhancement  -3 -2 -1 0 1 2 3 
2 Housing obsolescence before building adaptation  
2.1 Building age -3 -2 -1 0 1 2 3 
2.2 Degree of structural and surface defects of the existing building -3 -2 -1 0 1 2 3 
2.3 Rental income level of the existing building -3 -2 -1 0 1 2 3 
2.4 Building services (i.e. lift)  -3 -2 -1 0 1 2 3 
2.5 Suitability for use -3 -2 -1 0 1 2 3 
2.6 Flexibility of original design  -3 -2 -1 0 1 2 3 
2.7 Building height  -3 -2 -1 0 1 2 3 
2.8 Acoustic separation (Noise separation) -3 -2 -1 0 1 2 3 
2.9 Means of fire escape  -3 -2 -1 0 1 2 3 
2.10 Appearance attractiveness  -3 -2 -1 0 1 2 3 
2.11 The ability for the building to comply with current building 
regulations (e.g. safety regulation, environmental controls or 
building ordinance) 
-3 -2 -1 0 1 2 3 
3a Expected influences after building adaptation  
3.1 Reduction of air pollution (i.e. carbon dioxide reduction) in the 
long run 
-3 -2 -1 0 1 2 3 
3.2 Electricity saving potential (energy saving) in the long run -3 -2 -1 0 1 2 3 
3.3 Maintenance cost saving potential in the long run -3 -2 -1 0 1 2 3 
3.4 Increase in market value for the flat -3 -2 -1 0 1 2 3 
3.5 Extension of building life span  -3 -2 -1 0 1 2 3 
3.6 Enhanced externality (market value increase for neighbour 
buildings) 
-3 -2 -1 0 1 2 3 
3b Expected influences during building adaptation  
3.7 Adaptation cost (i.e. upgrading cost) -3 -2 -1 0 1 2 3 
3.8 Inconvenience time -3 -2 -1 0 1 2 3 
3.9 Degree of disruption (e.g. dust and noise) -3 -2 -1 0 1 2 3 
4 Urban planning policies         
4.1 Control of plot ratio for future development -3 -2 -1 0 1 2 3 





Section D: Building renewal action (BRA) 
According to your practice, for every scenario, what is your preference value for each 




(Please fill in the following table) 
 
 
4.3 Control of transportation planning for future development -3 -2 -1 0 1 2 3 
 
5. Do you think the factor of “Sustainability performance” for existing buildings has an impact on    
     building adaptation potential? 
□ Yes           □No 
If ‘yes’, please rate the impact of the following attributes on Building Adaptation Potential 
(BAP)? 
5.1 Electricity consumption -3 -2 -1 0 1 2 3 
5.2 Water usage -3 -2 -1 0 1 2 3 
5.3 Air pollution (i.e. Carbon Dioxide emission) arising from energy 
consumption 
-3 -2 -1 0 1 2 3 
5.4 Facilities for waste management -3 -2 -1 0 1 2 3 
5.5 Indoor environmental quality (indoor air quality, thermal comfort, 
noise level, etc.) 
-3 -2 -1 0 1 2 3 










a.b.1 Very satisfactory 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
a.b.2 Satisfactory  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
a.b.3 Acceptable  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
a.b.4 Tolerable   1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 




No. Scenario  where: 1—no preference;5—strong preference 
1.1  Occupant’s satisfaction with building 
quality  
Retaining Renovating Rebuilding 
1.1.1 Very satisfactory   1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
1.1.2 Satisfactory    1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
1.1.3 Acceptable  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
1.1.4 Tolerable   1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
1.1.5 Unacceptable 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
1.2 Occupant’s satisfaction with building 
condition 
Retaining Renovating Rebuilding 
1.2.1 Very satisfactory    1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
1.2.2 Satisfactory     1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
1.2.3 Acceptable  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
1.2.4 Tolerable   1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
1.2.5 Unacceptable 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
1.3 Occupant’s satisfaction with building 
facilities 
Retaining Renovating Rebuilding 
1.3.1 Very satisfactory   1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
1.3.2 Satisfactory     1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
1.3.3 Acceptable  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
1.3.4 Tolerable   1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
1.3.5 Unacceptable 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
1.4 Occupant’s satisfaction with building 
environment 
Retaining Renovating Rebuilding 
1.4.1 Very satisfactory   1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
1.4.2 Satisfactory    1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
1.4.3 Acceptable  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
1.4.4 Tolerable   1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
1.4.5 Unacceptable 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
1.5 Occupant’s satisfaction with building 
services 
Retaining Renovating Rebuilding 
1.5.1 Very satisfactory    1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
1.5.2 Satisfactory    1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
1.5.3 Acceptable  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
1.5.4 Tolerable   1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
1.5.5 Unacceptable 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
1.6 Occupant’s financial situation Retaining Renovating Rebuilding 
1.6.1 Very poor  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
1.6.2 Poor  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
1.6.3 Average  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
1.6.4 Rich  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
1.6.5 Very rich 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
1.7 Occupant’s awareness and knowledge of 
adaptation activities 
Retaining Renovating Rebuilding 




17.2 Low 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
1.7.3 Neutral  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
1.7.4 High  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
1.7.5 Very high 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
1.8 Occupant’s expectation of  value 
enhancement 
Retaining Renovating Rebuilding 
1.8.1 Very pessimistic  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
1.8.2 Pessimistic  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
1.8.3 Neutral  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
1.8.4 Optimistic 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
1.8.5 Very optimistic 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
2.1  Building age Retaining Renovating Rebuilding 
2.1.1 Very new 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
2.1.2 New  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
2.1.3 Neutral  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
2.1.4 Old  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
2.1.5 Very old  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
2.2 Degree of structural and surface defects Retaining Renovating Rebuilding 
2.2.1 Very low 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
2.2.2 Low  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
2.2.3 Neutral  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
2.2.4 High  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
2.2.5 Very high  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
2.3 Existing rental income level Retaining Renovating Rebuilding 
2.3.1 Very high  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
2.3.2 High  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
2.3.3 Neutral  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
2.3.4 Low 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
2.3.5 Very low 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
2.4 Building services (e.g. lift) Retaining Renovating Rebuilding 
2.4.1 Very good  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
2.4.2 Good  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
2.4.3 Neutral  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
2.4.4 Bad  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
2.4.5 Very bad  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
2.5 Suitability for use (e.g. fit for living) Retaining Renovating Rebuilding 
2.5.1 Very high  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
2.5.2 High  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
2.5.3 Neutral  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
2.5.4 Low 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
2.5.5 Very low 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
2.6 Flexibility of original design Retaining Renovating Rebuilding 
2.6.1 Very high  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
2.6.2 High  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 




2.6.4 Low 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
2.6.5 Very low 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
2.7 Building height (for existing building) Retaining Renovating Rebuilding 
2.7.1 Very tall  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
2.7.2 Tall  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
2.7.3 Medium  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
2.7.4 Low  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
2.7.5 Very low  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
2.8 Noise separation (sound proof) Retaining Renovating Rebuilding 
2.8.1 Very good 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
2.8.2 Good 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
2.8.3 Neutral 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
2.8.4 Bad 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
2.8.5 Very bad 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
2.9 Means of fire escape Retaining Renovating Rebuilding 
2.9.1 Very good  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
2.9.2 Good  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
2.9.3 Neutral  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
2.9.4 Bad  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
2.9.5 Very bad  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
2.10 Appearance attractiveness Retaining Renovating Rebuilding 
2.10.1 Very good  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
2.10.2 Good  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
2.10.3 Neutral  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
2.10.4 Bad  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
2.10.5 Very bad 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
2.11 Compliance with current building 
regulations  
Retaining Renovating Rebuilding 
2.11.1 Very good  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
2.11.2 Good  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
2.11.3 Neutral  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
2.11.4 Bad  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
2.11.5 Very bad  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
3.1 Air pollution reduction in the long run 
 (i.e. Carbon Dioxide reduction) after 
adaptation 
Retaining Renovating Rebuilding 
3.1.1 Very low 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
3.1.2 Low  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
3.1.3 Neutral  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
3.1.4 High  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
3.1.5 Very high  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
3.2 Electricity saving potential in the long run 
after adaptation 
Retaining Renovating Rebuilding 
3.2.1 Very low 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 




3.2.3 Neutral  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
3.2.4 High  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
3.2.5 Very high  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
3.3 Maintenance cost saving potential after 
adaptation 
Retaining Renovating Rebuilding 
3.3.1 Very low 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
3.3.2 Low  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
3.3.3 Neutral  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
3.3.4 High  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
3.3.5 Very high  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
3.4 Expected increase in market value for the 
flat 
Retaining Renovating Rebuilding 
3.4.1 Very low 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
3.4.2 Low  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
3.4.3 Neutral  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
3.4.4 High  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
3.4.5 Very high  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
3.5 Extension of building life span after 
adaptation 
Retaining Renovating Rebuilding 
3.5.1 Very low 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
3.5.2 Low  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
3.5.3 Neutral  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
3.5.4 High  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
3.5.5 Very high  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
3.6 Enhanced externality (market value increase 
for neighbourhood buildings) after adaptation 
Retaining Renovating Rebuilding 
3.6.1 Very low 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
3.6.2 Low  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
3.6.3 Neutral  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
3.6.4 High  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
3.6.5 Very high  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
3.7 Adaptation cost during adaptation Retaining Renovating Rebuilding 
3.7.1 Very expensive  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
3.7.2 Expensive  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
3.7.3 Neutral  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
3.7.4 Cheap 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
3.7.5 Very cheap 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
3.8 Inconvenience time caused during 
adaptation 
Retaining Renovating Rebuilding 
3.8.1 Very long  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
3.8.2 Long  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
3.8.3 Neutral  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
3.8.4 Short 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
3.8.5 Very short 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 




3.9.1 Very high  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
3.9.2 High  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
3.9.3 Neutral  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
3.9.4 Low 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
3.9.5 Very low 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
4.1 Control of plot ratio for future development Retaining Renovating Rebuilding 
4.1.1 Very restricted  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
4.1.2 Restricted  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
4.1.3 Neutral  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
4.1.4 Relaxed 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
4.1.5 Very relaxed 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
4.2 Control of height limit for future 
development 
Retaining Renovating Rebuilding 
4.2.1 Very restricted  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
4.2.2 Restricted  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
4.2.3 Neutral  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
4.2.4 Relaxed 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
4.2.5 Very relaxed 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
4.3 Control of transportation planning for 
future development 
Retaining Renovating Rebuilding 
4.3.1 Very restricted  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
4.3.2 Restricted  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
4.3.3 Neutral  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
4.3.4 Relaxed 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
4.3.5 Very relaxed 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
5.1 Electricity consumption before adaptation Retaining Renovating Rebuilding 
5.1.1 Very low 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
5.1.2 Low  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
5.1.3 Neutral  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
5.1.4 High  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
5.1.5 Very high  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
5.2 Water usage before adaptation Retaining Renovating Rebuilding 
5.2.1 Very low 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
5.2.2 Low  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
5.2.3 Neutral  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
5.2.4 High  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
5.2.5 Very high  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
5.3 Air pollution (CO2 emission) before 
adaptation 
Retaining Renovating Rebuilding 
5.3.1 Very low 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
5.3.2 Low  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
5.3.3 Neutral  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
5.3.4 High  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
5.3.5 Very high  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 






























5.4.1 Very good  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
5.4.2 Good  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
5.4.3 Neutral  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
5.4.4 Bad  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
5.4.5 Very bad  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
5.5 Indoor environmental quality  Retaining Renovating Rebuilding 
5.5.1 Very good 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
5.5.2 Good  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
5.5.3 Average   1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
5.5.4 Bad  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
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